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1 * Rolls-Royce Pegasus Mk. 


105 vectored thrust turbofan Aviation UDELL 
AMAZING AIRCRAFT OF THE RAF 
The Harrier is a je-powered attack aircraft capable of vertical /short You can you create your very own fighters of the RAF at home 


take off and landing operations. Named after a bird of prey, it was with an Airfix QuickBuild kit. QuickBuild kits allow you to 
originally developed by British manufacturer Hawker Siddeley in the recreate a wide variety of iconic aircraft, tanks and cars into 











1960s and emerged as the only truly successful V/STOL design of brilliant scale models. No paint or glue is required, the push 

the many attempted during that era. It was conceived to operate together brick system results in a realistic, scale model that is | 
from improvised bases, such as car parks or forest clearings, without compatible with other plastic brick brands. jane 
requiring large and vulnerable air bases. Later, the design was adapted 

for use from aircraft carriers. e Compatible with other plastic 








The Eurofighter Typhoon is a twinrengine, canard—delta wing, multi-tole brick brands 

fighter. It was designed originally as an air superiority fighter and is o Features a self-adhesive sticker sheet 
manufactured by a consortium of Airbus, BAE Systems and Leonardo. for authentic seceration | 

One of the world’s most capable fighter aircraft, it possesses all the 

attributes that made the Spitfire so successful in combat and is the most e Includes a Stand to show off your 
effective air defence fighter to ever serve with the RAF. handy work. 
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Afterburning Turbofan — bOonect tiem all! Check out the rest of the range online. 
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“The challenge Is generating hundreds of 
billlons of cells to make a heart” 


Human heart: power pump, page 18 


Meet the team... 





Nikole Scott Baljeet 
Production Editor Staff Writer 
We’re constantly Meet Earth’s many On page 28 we 


phenomena in our their 65-million- autoimmune 
vast universe. Learn year evolutionary diseases and how chip? Discover this 
about some of the journey across the they affect and and other cybernetic 
weirdest over on changing planet on compromise the enhancements on 
page 60. page 38. human body. 
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Research Editor Senior Art Editor 
Would you modify 
discovering strange primates and follow explore a variety of your body with an 
implanted identity 





Ailsa 
Staff Writer 

Nearly 200 years 
ago, Charles Darwin 
set out on a voyage 
that would change 
how we view life on 

Earth. Follow his 
journey on page 46. 





t might be one of the hardest 
working organs in the body, but 
most of us take our heart for 

granted as it beats thousands of 

times of day, pumping gallons of 

life-giving blood around our bodies. 
It's only when something goes wrong with your heart 
that you can truly appreciate how important itis. In this 
issue of How It Works we explore the function of this 
fist-sized ball of muscle in your chest 
and howits‘mini-brain’ acts as an 
organic pacemaker to keepa 
steady rhythm. We've also 
spoken to ascientist whose 
research could mean that 
we'll be able to grow 
replacement hearts for human 
patients in the future. I hope you 
enjoy the issue. 









Ben Editor FOLLOW US... 


© How It Works magazine “@HowltWorksmag 
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Human heart: 
power pump 

See inside this vital organ and 
discover how they could be 
grown for future heart patients 


Autoimmunity 
Sometimes our immune system 
Can go wrong and attack the 
body, with terrible results 


How to make 
living machines 


Understanding 
coronavirus 


What are E numbers? 
The amazing 
diversity of primates 
Discover how this order of 


animals has evolved in such huge 
variety across the world 


Why Earth has 
magnetic poles 
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Scan the QR code with your device’s camera or download a free QR 
code reader app. Many iPhone and Android devices include a QR reader 


When you see the JNv?4al [al] logo at the top of a page, 
va: 


use your phone to scan the QR code, which looks like this 





Darwin’s travels 
Join the father of evolution, FONE! 
Charles Darwin, on his famous 

voyage around the world 
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Everest: mission to © ~ 
the top of the world 








F 
Super-stealthy » -’ 
scout helicopter 
See how the S-97 Raider moves 
unlike any other craft 





Robot cone layers 


Ten secrets of space 
Explore some of the most 
puzzling objects in the cosmos 


Launch pad at sea 


implanting 

identity chips 

These tiny computers could be 
used for everything from buying 
food to identification 


Bomb-disposal suits 


58 Robot cone layers 


Ds — 
a HIGHWAY | pa | 
AaiTIMAMOE —_ i 

7 






= — = 


A 


Hold your mobile device over the image and watch it come to life! Your 
device needs to be connected to the internet for this to work Jo Elphick 


Ce ee ee ee ee ee ee Jo IS an academic 


lawyer and lecturer 


HOW THE AUGMENTED REALITY WORKS specialising in 
After being launched by the QR code, the app reads anything you point your device’s criminal law and 
camera at 30 times a second, searching for distinctive shapes we've trained it to forensics. She is 
recognise. When it sees a familiar picture, it overlays the augmented-reality 3D image also the author of a 


we've previously uploaded on your screen. 
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number of true 
crime books. 


Mark Smith 


A technology and 
multimedia 
specialist, Mark 
has written tech 
articles for leading 
online and print 
publications for 
many years. 





Andy Extance Dr Andrew 


Andy is a freelance May 

science writer based in Andrew has a PhD in 
Exeter, UK. He previously astrophysics and 30 
worked in early stage years in public and 
drug discovery research, private industry. He 
followed by a brief stintin enjoys space writing 
silicone adhesive and and is the author of 

rubber manufacturing. several books. 


www.howitworksdaily.com 
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Amy Grisdale 
Volunteer animal 
worker Amy has an 
enormous breadth of 
experience on animal 


conservation projects. 


She specialises in 
writing about 


environmental topics. 


Jack Parsons 
A self-confessed 
technophile, Jack has 
a keen interest in 
gadgets and wearable 
tech, but also loves to 
write about science 
projects with much 
grander ambitions. 


www.howitworksdaily.com 
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Global eye 
Science and tech news from 
around the world 


Wish list 


Gadgets, apps and tools 
to help with home hygiene 


3 Free eBooks 
£30 of How It Works digital 
specials for every reader 


Brain dump 
Your questions answered 


Book reviews 


Brain gym 
Give your brain a workout 
with our puzzle pages 


How to... 
Make your own hand sanitiser 


Letters 
Our readers have their say 


Fast facts 
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Go to page 26 
for great deals 
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POWER-STORING 
SPAGHETTI 


This image may just appear to be the folds 
of a cosy blanket, but it is in fact a forest of 
millions of nanotubes each only 20 to 30 
micrometres tall. They all work together as a novel 
type of supercapacitor that has been engineered by 
researchers at both Duke University and Michigan 
State University in the US. A supercapacitor is a way 
to store energy like a battery does, but without 
using chemical energy for power production. Each 
nanotube supercapacitor patch is around the 
same size of a stamp and can carry more than 
two volts. The intention of these 
stretchable patches is to explore the 
possibility of future wearable 
technologies. 


www. howitworksdaily. 
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DANDELION | 
SEED Re 
SPREADING ‘ 


Plants have evolved various methods to > a 
spread themselves around the world. One , 
innovative way is to take advantage of the wind. 
Ensuring their fruit travel further afield, individual 
seeds are designed to act as feathery parachutes to 
hitch a ride on the breeze. Each parachute is called a 
pappus, from the Greek word for grandfather, due 
to their resemblance to a white beard. Often 
dropping within a few metres of their mother 
plant, research has found that some seeds 
can travel over a kilometre before 
finally landing. 
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GLOBAL EYE 


Showcasing the incredible world we live in 
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of Creation’ 


WAVLo)R@ISMONVA =) e-1ale(ela Specktor 


pearing the sky like monolithic 

elephant trunks, the Pillars of 

Creation are a vast star-forming region 
located in the Eagle Nebula, about 7,000 light 
years from Earth. These tendrils of gas and 
dust, made colourful by the radiation of 
bright young stars smouldering within, 
became a Milky Way landmark thanks to an 
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Space Telescope in 1995. 

Now NASA scientists have shared a new 
view of the pillars, focusing instead on the 
infrared radiation normally invisible to 
human eyes. In the new image, also taken by 
the Hubble Space Telescope, the colourful 
pillars fade to ghosts of their former selves, 
revealing a kaleidoscope of newborn stars 
within the dust. 

The pillars, which span about five light 
years in length - that’s about 3. 5 times the 
diameter of our Solar System - are natural 
incubators of star formation thanks to their _ 
many dense pockets of hydrogen gas. As ever 
greater quantities of gas and dust pileintoa 
single gravitationally dense area, that area 
heats up under the weight of the gathering 
material and may turn into the seeds ofa 

tar, also called a ‘protostar’. If a protostar 
continues gathering mass and increasing in 
temperature enough to spark a nuclear 
reaction at its core, a full-fledged star is born. 

As this image shows, the most active 
star-forming region within the pillars is 
located at the tip of the largest pillar, which 

shimmers with what appears to be gauzy- 
“blue radiation. These dense, dusty regions 
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stars 
could destro 








shadow and cool the gas below them, . 
according to NASA, allowing the lower 
reaches of the pillars to maintain their long, 
wispy figures... for now anyway. According to 
PARYAW ju ceyeleyerlsyan rs LON Me TQe ny -vemmilselom(-omaal= 
initial Hubble exploration of the Eagle 
Nebula in 1995, as the stars at the tip of the 
pillars grow ever larger, their radiation will 
become stronger, slowly destroying the gas 
around them. 
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“The gaseous pillars are actually getting 
ionised, a process by which electrons are 
stripped off of atoms, and heated up by 
radiation from the massive stars,” said 
Scowen. “The stars’ strong winds and barrage 


of charged particles... are literally 
sandblasting away the tops of these pillars.” 
Perhaps that makes images like this one even 
more special. We will never see the Pillars of 
Creation exactly like this ever again. 
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The iconic ‘Pillars of 
Creation’ glow anew in 
Iavagclaccemice lays 
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Egypt offers virtual 
tours of ancient sites 


Words by Laura Geggel 


irtual tours of a handful of Egypt’s 

archaeological marvels, including the 

ancient tomb of Queen Meresankh HI and 
the fourth-century Red Monastery, are now 
available online. If you're looking for a great way 
to ‘explore’ while stuck at home during the 
COVID-19 pandemic, this might be the perfect 
option. The 3D tours show the ancient Egyptian 
sites in stunning detail, allowing viewers to 
virtually ‘walk through’ different parts of the 
ruins, much like how the navigation on Google 
Street View works. 

Egypt’s Ministry of Tourism and Antiquities 
began posting the tours as a way to share these 
wonders with people who are staying at home to 
help ‘flatten the curve’ during the coronavirus 
pandemic, the Ministry announced on its 
Facebook page. 

One of the tours currently on offer - the tomb 
of Menna - features “one of the most visited and 
best preserved” of the elite tombs from the 18th 
Dynasty of 1549 BCE to 1292 BCE, the Ministry of 


Tourism and Antiquities wrote in the statement. 
The tomb, located in the Theban Necropolis -— 
now modern-day Luxor - is known for its 
well-preserved paintings. 

Little is known about Menna, but his tomb 
offers clues about his life among Egypt’s upper 
crust. Titles found in his tomb suggest he was a 
scribe who also oversaw the pharaoh’s fields and 
the temple of Amun-Re, a form of the sun god. 

“From the scenes depicted in his tomb we can 
see that Menna supervised delegations who 
measured the fields, brought defaulters to 
justice, inspected field work and recorded the 
yield of the crop,” Melinda Hartwig, ARCE 
president emeritus, wrote in the book The Tomb 
Chapel of Menna (TT 69): The Art, Culture, and 
Science of Painting in an Egyptian Tomb. 

All of these virtual tours “enable people 
worldwide to enjoy the ancient civilisation 
during their home confinement” as part of the 
measures “taken to fight coronavirus (COVID-19),” 
said the Ministry of Tourism and Antiquities. 
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Words by Yasemin Saplakoglu 


WW ASA is funding an early stage proposal to 
iN build a meshed telescope inside a crater 
© = Wonthe far side of the Moon. This ‘dark 
side’ is the face of the Moon that is permanently 
positioned away from Earth, and as such it offers 
a rare view of the dark cosmos, unhindered by 
radio interference from humans and by our 
planet's thick atmosphere. 

The ultra-long-wavelength radio telescope 
would be dubbed the ‘Lunar Crater Radio 
Telescope’ and would have “tremendous” 
advantages compared to telescopes on our 
planet, said the idea’s founder Saptarshi 
Bandyopadhyay, robotics technologist at NASA’s 
Jet Propulsion Laboratory. 

The NASA Innovative Advanced Concepts 
Program is awarding $125,000 (approx. £100,300) 
for a Phase1istudy to understand feasibility. The 
telescope, designed as a wire mesh, would be 
deployed into a three to five kilometre crater on 
the Moon’s far side. The one-kilometre wire- 
mesh telescope would be stretched across the 
crater by NASA‘s DuAxel Rovers or wall-climbing 
robots, according to the proposal summary. 

Ifit ends up being built the ‘Lunar Crater Radio 
Telescope’ would be the largest filled-aperture 
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Lunar Crater Radi 


Deployable Wire-mesh 
(1-km diameter) 


telescope on the 
Moon’s far side 


o Telescope (LCRT)- 








radio telescope in the entire Solar System. A 
filled-aperture radio telescope is a telescope that 
uses a Single dish to collect data rather than 
using many dishes. 

Because this telescope would be on the far 
side of the Moon, it would avoid any radio 
interference from Earth, satellites and even the 
Sun’s radio noise during the lunar night. It would 
also let us gaze out into the cosmos without the 
veil of Earth’s atmosphere. 

The atmosphere reflects low-frequency 
wavelengths of light greater than ten metres, 
essentially blocking them from reaching 
ground-based telescopes. The new lunar 
telescope “could enable tremendous scientific 
discoveries in the field of cosmology by 
observing the early universe in the 10 to 50 metre 
wavelength band... which has not been 
explored by humans.” 


‘It offers a rare 
view of the 
dark cosmos © 
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The proposed telescope would be a one-kilometre-diameter wire-mesh that can gaze out 
into the cosmos without being hindered by Earth’s atmosphere 


www.howitworksdaily.com 


IN ASSOCIATION WITH 


_|VESCISNCE 




















2 
P—-_ 


—— 








Piece of lost 
continent discovered 








Words by Mindy Weisberger 


M® piece ofa lost continent has been 

pA . discovered lurking beneath Canada, and 
WM “the evidence was hiding in rocks that 
originated in Earth’s interior where diamonds 
form. The secret was concealed ina type of 
diamond-bearing volcanic rock known as 
kimberlite. Kimberlite originates deep 
underground in magma in Earth's mantle and 
picks up hitchhiking diamonds as it hurtles 
towards the surface during volcanic eruptions. 

Scientists found that the mineral chemistry of 
the Baffin Island kimberlite matched that from 
an ancient and long-lost continent that formed 
nearly 3 billion years ago and broke up 150 
million years ago. 

Earth’s land masses, or continents, didn’t 
always look the way they do now. The first 
continents emerged when Earth was justa 
restless baby planet. These ancient and 
enormous rocky slabs, called cratons, then 
shattered to form smaller land masses. 

For hundreds of millions of years plate 
tectonics pushed continents together to form 
giant supercontinents, only to pull them apart 
and push them together again. The last of the 
supercontinents, Pangaea, began to separate 
about 200 million years ago, and by around 60 
million years ago the continents had split into 







beneath Canada 


Scientists found an ancient continent’s chemical 
fingerprints in rock samples taken from Baffin 
Island in Nunavut, Canada 








the seven that we know today: Africa, Antarctica, 
Asia, Australia, Europe, North America and 
South America. 

Though the planet's first continents 
fragmented and were lost to time, remnants of 
the long-lost land masses survive to this day as 
Stable cores in our modern continents. The 
kimberlite samples from Baffin Island, which 
came from a depth of nearly 400 kilometres, bore 
chemical similarities to mantle rock samples 
from underneath part of the North Atlantic 
Craton in Greenland. 

Under most remnants of ancient continents, 
the upper mantle contains about 65 per cent 
olivine, “the main mineral of the upper mantle,” 
and about 25 per cent of another mineral called 
orthopyroxene, said lead study author Maya 
Kopylova, a geologist with the University of 
British Columbia in Canada. By comparison the 
mantle make-up under the North Atlantic Craton 
is about 85 per cent olivine and around ten per 
cent orthopyroxene. And the mineral ratio in the 
Baffin Island kimberlite was a close match to the 
North Atlantic Craton, Kopylova said. 

Now scientists know “with certainty” that part 
of Baffin Island was at some point joined with 
the North Atlantic Craton “rather than with other 
ancient continents,” said Kopylova. 
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‘Mind-control’ cat parasite 
reaches Hawail’s parks 


Words by Mindy Weisberger 


a . 


Intruder alert! 









oxoplasma gondii, a ‘mind-controlling’ cats shedding T. gondii, with about ten per cent of C on fi fm yo ur 
parasite that causes the disease the samples testing positive. : . 
toxoplasmosis, has been found in public “The high percentage of T. gondii-positive faeces | d enti ty i 


lands in Oahu, Hawaii, for the first time, samples suggests that Oahu’s cats are contributing 
researchers have discovered. Thoughthis parasite large quantities of this infectious parasite to parks 
was previously found in people andin wildlifeon |§ and neighbourhoods across the island,” said 
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the Hawaiian islands, it was unknown in Oahu’s study co-author Grant Sizemore, director of VY BE A fos EK R. 

parks. It hitchhiked there in free-ranging cats, Invasive Species Programs at American Bird _ Hu ntemsellu — 

which are a non-native species and are known Conservancy. “What's particularly worrying is . » i cert 

hosts of the parasite. that these hardy oocysts move through the F ial y “NG my 
However, the cats aren’t really to blame; people § environment with the potential to infect any af aS 

are the ones who first brought cats to the island warm-blooded species in terrestrial, freshwater 

and then allowed them to roam free. Felines that or marine ecosystems,” he added. 

were abandoned then bred in the wild and formed As the team collected faeces at only four 

feral colonies. These cat communities now locations, it’s likely that T. gondii is even more 

threaten to expose local wildlifetoaharmfuland widespread on Oahu "and possibly other islands,” “ 

potentially deadly parasite. and poses an even greater threat to vulnerable > aaa 
Toxoplasma gondii is transmitted from cats to native wildlife. D.M. JARRETT 
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other animals, including 


humans, when cats expel the * : | 
parasite in faeces in capsule-like | | | W el come hom c; 


eggs, or oocysts. Once T. gondii _— \ yo PT ate _ : fe Sean and Emily. 


oocysts enter a new host they : ;. - | . , 
transform into an actively multiplying | herflie “emt ; a ar Mito, Wiehe t an Run for your lives! 
form called tachyzoites, which can A al ee ue LOAN BT? 
replicate so quickly that they overwhelm 
the host’s immune system and lead to 
Toye Coeewetersbiaemey cele) (200 te 

One of the ways that Toxoplasma gondii 


Its like watching a movie 
in your mind.” 


affects mice and rats is by tweaking their zZ . Bs a i ahi P dl , = + : ‘Great ‘follow-up to the 
brain chemistry to change their behaviour. eg if Bogs : —eEE ma 4 ie DNA Thief. 
Rodents typically avoid cats, but under T. Se eer) as 3 fe ——_— 
gondii’s ‘mind control’ they seek out felines: Sis — =e 4 = —— —— 7 A briliant ride for 
a that s exactly Wi gondii ae ae a % * = aden ture, mys tery Pre 
ecause the infected rats need to be ingested : «lo: SS ; 
by cats in order for T. gondii to complete its —— —_ 4 — iy —S ; S ct-f lovers! 
life cycle. es gue? pA: ~~ ar 
Researchers recently looked for feralcat 9 o-<—— 4 7 tt He al ail | eg: , ~ SSS | Order now 
colonies and signs of Toxoplasma gondii at32" 4 Ml, ¥, ws “en \\’ N 3 : = from Amazon 
locations in Oahu’s parks and public lands ae vd at) \) | at WA VAAN | 


inhabited by native bird species. They worldwide. 


identified 25 cat colonies near places where 
native birds were plentiful. The exact 
number of cats in each colony was 
uncertain, but the scientists spotted 
roughly 23 cats on average at every 
location. Humans were also feeding 





4 _s_ a a | all 
the cats at most of these colonies, : T r a = = 
evidence suggested. se “ [a] r Meath 

The scientists also gathered 56 faecal f Twi =: 


: The parasite is 
samples from four of the cat colonies. carried and spread 


Three out of four of those colonieshad _, NAc (olan\-alomieli lates 
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PhoneSoap Pro 


Price: $119.95 (approx. £96.99) 


Our smartphones are notorious for collecting 
bacteria, with some reports suggesting they can 
be around seven-times dirtier than a toilet. 
Rather than cleaning your phone with a 
disposable wipe, the PhoneSoap Pro uses 
ultraviolet (UV) light to sterilise your phone and 
claims to kill 99.99 per cent of the bacteria in 
only five minutes. This compact sterilisation case 
can accommodate a wide range of smartphones 
and small electronics such as wireless earbuds. 
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TUSHY Classic 





™ Price: $109 (approx. £88) 


Toilet roll has become a hot 
commodity in recent times, so to stay 
hygienic in the bathroom, attachable 
bidets such as the TUSHY might be 
the way forward. With a quick 
ten-minute installation, this toilet 
accessory simply sits beneath your 
toilet seat and connects to your water 
source without the need for electricity 
Or a pump. With adjustable pressure 
and nozzle direction, the TUSHY can 
accommodate the whole family. 
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266ml rechargeable 
sensor pump 


Price: £69.95 / $60 





The importance of washing our hands has probably never 
been more prevalent than now during this global 
pandemic. However, while bunkering down in the house 
with your family, each gunning for the hand soap, keeping 
the soap dispenser clean and relatively free from bacteria 
can be a challenge. With the rechargeable sensor pump 
by simplehuman, simply place your hand beneath the 
nozzle and the built-in sensor will trigger, dispensing a 
serving of liquid soap. With three months of use ona 
single charge, this compact bathroom accessory is a great 
way to stay safe and clean while at home. 
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am Braava jet m6 


™ Price: £699.99 / $499.99 
www.irobot.com 





Expanding its home-cleaning robot range with 
the Braava jet m6, iRobot has created the 
latest in autonomous floor mopping devices. 
| Automatically selecting the cleaning method, 
L le the Braava uses mapping pads that help break 





up grime or sweeping pads to capture dirt or 

hair. The Braava also comes equipped with a 
pressure jet spray to clean the floor. Using the 
companion app Braava can be summoned on 

command, or you can simply schedule a daily 
route to regularly freshen up your household. 
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pureAir FRIDGE 


™ Price: $49 (approx. £40) 
www.greentechenv.com 





Using ionisation technology, the pureAir 
FRIDGE claims to destroy bacteria and 
neutralise pesticides autonomously. This small 
air purifier sits wirelessly between the fruit 
and vegetables in your fridge, maintaining 
fresh air within, reducing the ethylene gases 
produced by decaying food and also removing 
any unwanted odours. This compact device 
uses a lithium-ion rechargeable battery that 
can last 18 to 24 days on one charge. When 
power is running low the built-in photosensor 
technology triggers an audible alarm when the 
fridge door is opened. 
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Coway 
Airmega 
400S 


™ Price: $849 (approx. £686) 
www.cowaymega.com 











In a time where we are all bundled up in our homes, you might be 
considering the quality of air inside. The Conway Airmega 400S 
boasts the ability to remove 99.97 per cent of particles, including 
pollen and pollutants, in the air using its combination active-carbon 
filters. App-controlled, this home air-purification system will monitor 
your home’s air quality and make automatic adjustments to its fan 
speed to improve air quality in real-time. 


www.howitworksdagily.com 














“a 

_i OurHome 

~ Developer: OurHome 

') Price: Free / Google Play / App Store 
Keep ontop of daily 
chores with this ' : 
organisational app. rea 

Allocate tasks to GB Seer reese 
different members iinet 

of the household and pus us 

gain points when a le bande thesint 

task is done. 





> IDo Hygiene 

Developer: C.E.T - THE CENTER FOR 
EDUCATIONAL TECHNOLOGY 

) Price: Free / App Store 

This app offers tutorials and games for 

personal hygiene 

and is designed , woe 

for those on the oF - 

autistic spectrum a%S89 9 

and with other —jj¢8C0e8r 

special needs. ye | 





SureWash 


») Developer: SureWash 

Price: Free / Google Play / App Store 
Learn the World Health Organization’s 
hand-washing technique with this 
easy-to-use app. With the help of your 
smartphone camera, this app can judge 
your 
technique and 
give you 
feedback. 








La] Dental Hygiene 


) Developer: OptiLife Apps 

) Price: Free / App Store 

Keep your oral ude Handy 
hygiene in check. Chart and Timer 
This dental app will 
let you know when 
and where to brush 
your teeth while 
offering dentist- 





recommended tips. 
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DID YOU KNOW? Around 610,000 people die from heart disease each year in the US 













































s the thumping drum in our chests, the 
heart has piqued the scientific intrigue of 
scholars as far back as the fourth century 
BCE, when the Greek philosopher Aristotle 
identified it as an organ with chambers, albeit 
incorrectly describing it as having three. Ina 
time where the science of the human body was 
finding its feet, Aristotle began the millennia- 
long journey to our modern-day understanding 
of this organ. 

What we have come to learn is that the heart is 
composed of 2 to 3 billion cardiac muscle cells, 
which form the four chambers ofa beating 
heart. These striated cells have a similar 
contracting and relaxing movement to cells 
found in other muscles around the body. 
Contracting in a wave motion, cardiac cells are 
only found in the heart and facilitate the natural 
pumping motion of the organ. 

The heart circulates blood by filling and 
emptying the four chambers with the help of 
thin sheets of tissue acting as valves. These 
valves are shaped in such a way that the blood 
entering each chamber doesn’t leak into the 
next without being opened by a contraction of 
the heart muscle. But how does your heart know 

when to pump? Luckily our hearts 
don't require us to consciously 

command beats, otherwise 
we would use our brains for 

nothing else to achieve the 35 

million beats a year we need 

to survive. Instead our hearts 

operate under what is 
referred to asa myogenic 
response. Much like the way the 
orain receives electrical impulses 
to function, the heartisalso 
equipped with its own impulse 
- power, known as the sinus node. At the 





Growing a heart 


It’s one of the first vital organs that 

fol me) "s-m lars me(=a(2) (0) o)lale Mm ceyc1ae lop ob) mace) itmele) 
ro (=\¥/=) fo) oli ave M=lanle)m\es-Molg-t-]k-W-Maelacoru(elaliale| 
heart? In a process known as 

fore] mel (olet=)av=s-J-Pmelelaialem elastelat-laleavanaal= 
heart forms from the mesoderm (middle) 
E)Y(=] aeoy mm dat=me(=\V/=)(e) ol (ale m=lanle)a\eem Balsmalst-] a 
starts out as a pair of tubes that fuse, 
swell and twist into the final form, and by 
id at=Mcelelaad amy (212) @eym el astelat-laleavmaal=me)(elele 
begins to flow. At the sixth week, 
expecting mothers can listen to their 
baby’s first heartbeats. However, the 

A orescialiale movelelavelomaar-lm=)eat-lerclkcMinelaamela 
i hdeckxolelalemaat-levnliat=w-l asm alel amar 
heartbeats of a fully formed heart. 
Parents are instead hearing the fluttering 
cells of a primitive heart; it is not until 12 
weeks of pregnancy that a foetal heart 
will resemble a fully-developed heart. 
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Source: Wiki/XXXX 











upper-right chamber of the heart isa small mass 
of tissue that generates an electrical stimulus. 
This travels down the heart, causing the cardiac 
muscle to contract and in turn forcing blood from 
one chamber to the next. The upper chambers 
are the first to be stimulated by the sinus node, 
filtering down to the lower chambers. As the 
electrical stimulus travels from the sinus node it 
reaches another node called the atrioventricular 
node (AV) where it begins to slow down. Passing 
the AV, the stimulus travels down a pathway 
called the bundle of His, where it splits off to 
each ventricle. This electrical journey allows the 
upper atrium chambers of the heart to contract a 
fraction of second faster than the ventricles, 
allowing blood to fill the ventricles before the 
next contraction pumps it back out. 





Blood that has 
delivered oxygen 
around the body, 
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Valves 





William Harvey pioneered 
(olU/ am Ul ate (=)ecie-larellareme)maar= 
alUlaatelamatst-] amr-lavemaat-]®)elcre 
the circulatory system 
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Right atrium 


al : ie rs ia fa called deoxygenated 
blood, enters the right 
atrium of the heart. 


Separating each 
chamber are flaps of 
tissue that control 
the flow of blood 
within the heart. 























Aorta 
The aorta sends oxygenated blood 
through the body’s vast network 
of blood vessels to deliver oxygen 
to all over the body. 
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Pulmonary artery 
Through this artery 
deoxygenated blood travels 
towards the lungs to collect 
fresh oxygen. 


| Pulmonary § 
valve 








) Left atrium 
| Freshly oxygenated 
blood from the 
lungs enters the 
heart through the 
left atrium. 























Heart strings 
Medically known as 
the chordae tendineae, 
our heart strings are 












Right ventricle — . | 
Left ventricle 


Deoxygenated blood flows 








tough fibres that hold into the right ventricle from Flowing into the left ventricle, 
the partitioning valves the right atrium and then into oxygenated blood is then | 
in place. the pulmonary artery. pumped into the aorta. 
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IKNOW? A newborn's heocrt rate is faster thon an adults, beating 70 to 190 beats per minute 






























\}) Where does all the blood go? 
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Upper body xX me ¥ HN = Ie 
Oxygen-rich blood is sent to the } , | | i \ ' 


head and upper body via three , a  « . | 
LY 10,000 LITRES OF BLOOD IS PUMPED 


| prominent vessels branching | —- | " | NEAR 

off the aorta and returns as | | \ | - a THROUGH YOUR HEART PER DAY 

| deoxygenated blood via the | 
) heart’s vena cava. 








Veins 
The blue blood 
vessels are the 
body’s veins, 
which carry 
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_ IF YOUR BLOOD VESSELS WERE STRETCHED 
OUT, THEY COULD WRAP AROUND THE 
EARTH MORE THAN TWO TIMES 






Arteries 

The red blood vessels 
are the body’s 
arteries, which carry 
oxygen-rich blood 
away from the heart. 


Oxygenated blood will 
reach its final destination 
at capillary beds. These 
are the sites where 

oxygen will diffuse out 
of the blood vessel and 
into the surrounding 

__ tissue before making its 


| 


way back to the heart. 
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THE NUMBER OF 
HEARTBEATS PER DAY 
FOR A NORMAL HEART 


Lower body 

Blood is circulated to lower 
regions of the body to 
supply oxygen to the rest of 


| a peersicile such as the = i ry rae aa | af ADULT HEARTS CAN 
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6 SPECIAL 


PIAING A BROKEN HEART 





RE Baliniatiaiaala a 


Dr Ludwig Rehn was the first to 
perform any kind of successful 
surgery ona beating heart 












People often say that it takes time to heala flowing blood within. Working quickly tolocate | wasborn. Since Rehn’s pioneering - albeit 

broken heart, and when it comes to cardiac the source of the bleeding, Rehn discovereda unplanned - advancement in medicine, many 

medicine, they aren't wrong. Before 1896 tear in the sunken heart’s pericardium - the more have followed in his footsteps to create a 

scholars and scientists had a good idea of the double-walled sac encapsulating the heart. crucial branch of surgery that has saved 

form and function of the human heart. However, Swiftlydivinginto the openchestwithasurgical countless lives. From the first operation ona 

the ability to surgicallyrepairadamagedorgan needleandthread, Rehn began suturing the heart valve in 1925 to the first angioplasty in 1977 

was still unheard of. That was until German wound inanattempttostemthe bleeding. Three cardiacsurgeries and procedures have 

surgeon Dr Ludwig Rehn stepped in to fix the sutures were sown to close the wound and continued to develop and diversify. However, 

heart of a dying patient who had suffered a stab completely stopped blood from escaping. The one of the most triumphant milestones in 3 

wound to their right ventricle. surgery was a success and the patient survived. cardiac medicine was successfully transplanting 
Having opened the patient’s chest witha Sewing that final suture not only saved a a human heart into the chest of another. It wasa 

14-centimetre incision, Rehn witnessed the man’s life, but at that moment cardiac surgery feat in medicine that not many would have @o 

Removal 


Out with 
the old 


A heart transplant takes 
between four and six hours 


The blood vessels connected 
to the damaged heart are cut 
~ anda section of the right and 
left atria are left in place to act 
as a support for the new heart. 
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First connection 
The inferior and superior 
vena Cava veins are 
connected to the new 


7 Artificial lungs 
heart first. 


During the surgery the lungs are 
connected to a heart-lung 
machine which pumps filtered 
oxygen-rich blood into the body 
during the transplant surgery. 


¥ (a » : 





rt 
& 
d 


Power source 
Although the heart 
comes with its own 
power supply in the 
form of the sinus 
node, temporary wires 
. are attached to the 
heart in case a 
pacemaker is needed 
to assist heartbeats. 
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Attachment | | a 

A corresponding openingis ° 
created in the new donor 

_ heart and connected to the 


, heart tissue left in the chest. 
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Final connections 
The aorta and the 
pulmonary vein are the last 
~ to be connected to the 
donor heart. 





DID YOU KNOW? The blue whale has the largest heart, weighing in at around 199.5 kilograms 
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thought possible at the time of Rehn’s 
revolutionary new surgery, but South African 
surgeon Christiaan Barnard achieved the 
impossible when he completed the world’s first 
successful human heart transplant in 1967. 

In some cases of severe heart disease, doctors 
are left with no choice but to seek out anew 
heart for their patient. Donor hearts are taken 
from the chests of those who have been declared 
‘brain dead’, whereby neurological functions are 
absent but life-support machines are keeping 
their body and other vital organs viable for 
donation. How a new heart is transplanted can 
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ss Infiltration 
A wire mesh coil, 
called a stent, is 
inserted around a 
deflated balloon 
between the fat 
build-up. 


Taksidaelantslalacm qalenVivin 
as rib spreaders are 
used to keep the 

(od aT =3=) on Or= VAL AVALO) OLe1 9 
e[Ulaialemcmatst-lar 
transplant 





be thought of like installing a hard drive intoa 
computer. The objective is making sure all of the 
wires, or in the heart’s case, blood vessels, are 
connected correctly. But unlike a computer, the 
human body doesn’t like it when you install 
something new. Our immune system attacks any 
invading tissue it deems foreign to the body, soa 
new heart isa prime target. 

One of the biggest challenges ofatransplantis 
managing the body’s rejection of the new organ. 
To combat this self-sabotage, transplant patients 
will take lifelong anti-rejection medicine to 
reduce the immune response to the heart. 


Opening the 
lood highway 


How do surgeons stop blood cell 
traffic from reaching a standstill? 


Blockage 

An angioplasty 
procedure is needed 
when fatty deposits 
build up along the 
walls of blood vessels, 
which runs the risk of 
a complete blockage 
and a potential 
Cardiac arrest. 


Inflation 
The balloon is then inflated, expanding the mesh 
stent, opening the space within the blood vessel 
and allowing blood to freely move through. 


© Alamy 








© Alamy 


Small 

Isalsveratel alters] 
Wee] Wiskcire las: 
surgically 

Taal e)tclaincyemne) 
replace those’ 
typically 
(eFelaateletsve ms e)Vi 
heart disease 


Beef, 
pork or 
machine? 


Heart disease can wreak havoc on our 
Talmelearclmelcoveremolelenlos-mlamait-lahmeliaiciacials 
ways. But in cases where only the heart’s 
valves are affected, science has created 


three replacement valves that can save 
TAY(eS-oa SLE (= More) | (=Xoam=leMmolaam-lalinntlmelelace) e- 
such as cows and pigs known as 
bioprosthetic valves have been used to 
swap out damaged valves. These can last 
for around 10 to 20 years. In some rare 
cases human donor valves have also been 
used as replacements. However, ditching 
idat=Meb-)parele(sve mec] N20 ce) me a al=Xeuar-lal (ers) Misc] ALS 
nts kom oleXoxolaal=moxelanlanvelam ele-(eid(ex-MelU(-mne) 
dat=yimm(eyale(=\Al VAM Ola) aM at-l(e(-migelnnmer-laeleln 
and metal, these engineered flaps are 
said to offer the longest lifespan, with 

Fl aolelave AO m co melOM'(-t-le-MViMnelelmiaeladal=)q 
surgery. This does, however, mean that 

id atem oy-id (alain leccim asl aar-liameleme)(elele ne 
davinlaliare mancsvel(ersidcelamuom e)a-\"/-)a1mr-l aime) (olele| 
fos (0) MM rc olaamce) maniacs Pmsdarele|(em- mes (e)me(=\"/-) (0) op 
they can wedge themselves in the valve’s 
nlf ate (=t-Me) mate) os-furor-UJialem-Matreligelaveu(e)am 


Locked in 

When the stent is expanded it 
locks into place within the vessel 
where it will remain indefinitely 
to support the blood vessel. 





Medicated 


Some stents are 
coated in medication 
to help prevent 
further fat build-up. 


Removal 
Once the stent 
is locked in 
place, the 
balloon is 
deflated and 
removed from 
the vessel. 
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Bioink 
_ Cardiac muscle cells, 
along with blood 
vessel-forming cells, are 
combined with nutrients 
to form a bioink which is 
loaded into the printer. 






Printing a 
uman hea 


KO) seo) Del ©) ai aldlaremuaveralare) (oleh, 
could one day take your cells 
Jaleo maelgamualslsamialce iM alc\ivme)cerela 
















Computer generated 
Computed tomography (CT) of a 
real heart is used as a digital model 
for the 3D printer to use as a 


Layers 
In the same way plastic 3D 

BE printers create objects, the final 
form of the heart is printed in 
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| Support bath 
The bioink is injected 

| into a gel suspension 
media, composed of 

~ alginate microparticles, 
to preserve and support 
the printed layers. 
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FUTURE HEARTBEATS 





Technological advances could produce 
artificial hearts for transplants 
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layers from the bottom upwards. 
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Unlike our smartphones, the human heartisn’ta 
piece of technology that can be upgraded each 
year for a newer, more efficient model. However, 
in recent decades medical research has explored 
the different roles technology can play in 
assisting, replicating and even creating a new 
beating heart as an alternative to human-to- 
human transplants. 

First executed as a concept back in 1982 by Dr 
Barney Clark, an artificial heart typically mimics 
the ventricle function of a biological heart using 
various external power sources or pumps to 
circulate blood. This human-made organ has 
been used to treat heart disease patients over 
the years. However, so far it has only been 
implanted asa temporary fix for those awaiting a 
biological heart transplant. Developments in 
technology to create a long-lasting heart have 
seen varying degrees of success throughout the 
years, with mechanical breakdowns, infections 









reference for printing a new heart. 


Cured 
The 3D-printed heart is 
‘cured’ at 37 degrees Celsius 
» to lock the shape in place 
before being removed from 
the medium. 












> Checking the work 
Blue and red dye is injected into | 
the right and left ventricles 
respectively to show the 
chambers of the heart and the 
dividing wall, the septum. 





and blood clots posing some of the largest 
hurdles. Hoping to answer the call for a long- | 
term fix to heart disease is a biotech 
organisation, Carmat. With the use of two | 
built-in miniature pumps, Carmat’s artificial 
heart seeks to replicate the natural rhythm ofa 
heartbeat using an external battery and control 
system that can monitor its functionality. It has 
an automatic response to the patient’s 
physiological needs. Weighing only three 
kilograms, the Carmat heart has been 
successfully implanted into 5,000 patients 

so far during its trials. 

The future of heart transplants could seea 
mechanical makeover with artificial hearts such 
as Carmat’s creation. Could cardiacimplants be 
lab-grown, or better still, printed? 3D printing 
has revolutionised not only the manufacturing 
industry, but has also opened the door to the 
potential of printing implantable biological 
organs. Up until April of last year, the branch of 
science exploring this possibility had managed 
to print tissue samples from different parts of the 
body. Now, a research team from Tel Aviv 
University, Israel, are the first to print a fully 
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DID YOU KNOW? Roughly 200 people receive a heart transplant each year in the UK 


formed heart, equipped with functional blood 
vessels. The researchers used blood cells taken 
from human donors re-engineered into stem 
cells, then again transformed into the cardiac 
muscle cells that make up the heart. A collection 
of the cells form the ink for the printer to 
ultimately print a beating replicate. The science 











_How to print 
a 3D heart 
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\ rodent-sized heart has been | your skin and muscles - with the future goal of functional and implantable artificial heart 
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, | The problem with the cells in the human heart is years. | think the whole heart is more like 20 
*. » that they cannot regenerate. That’s one reason years. The problem with the heart is that if 
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KSmers) ale me) inals) arelam)anle)a'ce)al(omoin>)aamers)i me) area in the next 20 years, but I’m not super confident 
induced pluripotent stem (IPS). Vo goMele)iale no mc{-1o | Mlamualcmalctclat 
IPS is advantageous because if : for that reason. There have been 
ViV(ome(o) alam ale\sXom ual=m=)anle)avce) alle a= cells I} a lot of advances in stem cell 


stem cell; we can take a skin the human science, and that’s accelerating. 


(ors) | eo) a=] ace lu alsvaners)| me) mual> There have been a lot of new 


loxorehvmicelaam-lam-leleliar-latemuatcia heart ‘qalmiaieie computational tools. With some 


reprogram it into a stem cell 


rT) (o) mm talomaate(ernliatctd(=t-laaliaremelare 
that we can then make into regenerate 


re] anna (elteleaalnsyiirersyares 
(or=] ce | F-Lom Naale oye (=mexe) | om mals) intern} ale) cole} (stom uate) mre] com ol-)iale| 
(ol ateli(elave(ommalsla-Micme(slalslecidlalemaalsmalelale|acveicmeys developed, | do see the potential for these 
billions of cells to make a heart. That’s probably _ timelines to be accelerated from a technology 
fe {o)| aye mu kom r=] ,(-m elsve) 8) (=m lam aah’at<|9m<p.@anleaiaatce-lalene fo (=\¥(21 (0) ©) aal=1al mes) ie] ale) ole) [alma men v(-\\(1em maalial@ndalsias 


(oxo) 0] 0) (=m al el ale|q=\emmnaveletst-]alemele)|t-)a-mnem aat=],<> la=m ie larer-laal=lales)milaalinsia(e)atcmre)areiilal(or-] mud tolis 
Se rntiie Cena ogy could eco enough cells for just one heart. We don’t have that will just take the amount of time that they 
artificial hearts being ‘grown id ateMaateyaten/Ae)mantelal even i\clan cele (eM val-] i take. If we need to get through a five-year 


clinical trial, you know, before this is widely 
Printing the physical form of a heartis one = available for a patient population, then there’s 
thing, but how do you 3D print the ability no way of getting around that because that’s 
to beat? fundamental to the safety of the technology. 
The heart muscle cells we use are already Maybe we could see it sooner in about 15 years, 
programmed when growing next to each other, o]U immu atolmny\(0)0) (em ol-melelin=me)e)ulanlicinlen 
and if they’re at a high enough density they will 
Tale>) cexe)alalsyoumr-|avemcelanamece)aidialecelels 
interconnected tissue. The structure of the 
| heart is very important to the way it functions. 
», If the muscle is contracting, all those cells 
UW atatsrs Bh coltsy-¥-](elat-\e Ml amuateM o)ae)o\-1arellaqVoullela cre 
date] MM T= aot- |e mere) alu esloudialemiameatcmalelais 
direction. We were able to recreate that 
hYme) 6] am *)]glaldlale ms) ©) 9) aey-lola mm kemevo)alace)muat= 
contraction, these cells beat on their 
own in your own heart because of the 
yul:t-in pacemaker that controls your 
jeart rate. We don’t have that right now. 
What we do have Is an external mini 
> T=) a<1(0] 0M) mrs e(=) ile) lit-1ne) make me (-\valer> 


i have 3D printed a func 
I Feinberg and his team 
ee trileaflet heart valve out of collagen 
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FREE KitSound 
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peaker 





when you subscribe to 
now It Works 





TINY BUT LOUD 


The KitSound Cube portable 
Bluetooth speaker fits 
into your pocket and has 
surprising sound thanks to a 
passive bass radiator. 


FEATURES 
The speaker is made 
from solid metal. It 
features 3.5mm line-in 
connectivity and a play 
time of six hours. 


CONNECTION 


This speaker also comes 
with a buddy jack that will 
enable you to connect to 
a number of devices for 
even more volume. 
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HOW BODY 
ATTACKS ITSELF 




















our immune system saves your life every 
VY day, fighting off billions of pathogens 

before they are able to harm you. Without 
it the simple act of brushing your teeth could 
introduce a deadly volume of bacteria into your 
body. This being said, not everybody’s immune 
system is entirely on their side. In some cases 
cells that are built to defend the body are falsely 
programmed to attack body tissue. This is 
referred to as autoimmunity and causes a range 
of symptoms and diseases. 

Over 80 different autoimmune diseases have 
been discovered, but with many of them flagging 
up the same symptoms, diagnosis can bea 
lengthy process. A combination of tests is needed 
to rule out other possibilities and pinpoint which 
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What happens when a system designed to protect you goes on the offensive? 


Words by Atlsa Harvey 


one someone is suffering from. While treatments 
are unable to cure these diseases, they help to 
make life for someone living with one much 
more tolerable by calming down the self- 
destructive response. This involves minimising 
the pain and inflammation that arises when the 
immune system goes on the attack. Maintaining 
a healthy lifestyle can also help to reduce 
symptoms and the impact these diseases have 
on an individual's life. This includes regular 
exercise and a well-balanced diet. 

Although each of these diseases are caused by 
the same core actions of the immune system, 
there are avast range of symptoms. Some 
conditions target a specific part of the body 
while others impact almost every area. Some 





autoimmune diseases are much more 
debilitating than others. One of the most 
common is Type 1 diabetes, with around 400,000 
people suffering from it in the UK alone. In this 
case the immune system specifically targets 
insulin-producing cells in the pancreas. Insulin 
is essential as it helps us to use the sugar in food 
for energy and keeps blood sugar at a safe level. 
Type 1 diabetics need to inject insulin as their 
bodies are unable to produce it. 

Rarer forms of autoimmune diseases are 
harder to diagnose. One example of this is 
Asherson’s syndrome. This disorder causes a 
rapid development of blood clots all over the 
body. Several clots could form in a matter of 
hours in the most severe cases, with the risk of 
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One drop of your blood contains between 7,000 and 25,000 white bload cells 














organ failure throughout the body. Due to the 
range of areas impacted, the symptoms are 
broad and can coincide with other disorders. 
Since it was identified back in 1992, only 300 
individuals have been diagnosed with this 
particular autoimmune disease and research is 
still ongoing as to why the attacked cells cause 
these clots in the first place. 

Autoimmune diseases go against the core 
principle of the immune system, leaving people 
fighting their own bodies every day. They can 
emerge in anyone - regardless of age, gender or 
genetics — but tend to be more common in 
women, with some cases running in families. As 
millions of people worldwide are impacted by 


The autoimmune response 


How does the immune system cause self-destruction in the body? 
















Overactive B cell 
This white blood cell is 
malfunctioning and failing to 
recognise the difference 
between antigens of harmful 
cells and antigens of the body’s 
own. Producing antibodies for 
both causes havoc as an 
autoimmune response. 













Foreign 
antigens 
The antigens on 
the cell of an 
infection usually 
don’t match the 
rest of the body’s, 






















B cells : unnecessary 
= rr | deterioration of 
blood cells are ide am 7 
responsible for i ee 
protecting the : eee 
body against 

foreign cells 1 

— not the body’s | Antibody 

own cells. They production 

produce Antibodies are Y-shaped 

antibodies to proteins, produced in both 

match the immune and autoimmune 

proteins on the responses. They attach to 

outside of 


those they deem 
a threat. 


NORMAL 


Self-antigens 
Human leukocyte 
antigens on the outside 
of every cell help the 
body recognise it as 
one of its own cells. 


Tissue cells 
Usually our tissue cells 
remain healthy because 
white blood cells know 
that they are meant to be 
there. No immune 
response is triggered. 










www.howitworksdgaily.com 





becoming a target. 





_ the required antigens, 
alerting the body to which 
cells need destroyed. 





















immune system malfunction and numbers 
continue to rise, there is still a lot to learn about 
these complex and diverse human diseases. 
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MRI scans can show the extent of brain shrinkage 
from multiple sclerosis 












T cells 

Killer T cells 
attend to the 
cells flagged with 
antibodies and 
release cell-killing 
molecules. This 
response, though 
beneficial against 
harmful cells, 
Causes 


Infection 
When an invading particle 
such as bacteria enters the 
body, white blood cells 
notice them as cells to 
attack. This is a helpful 
response as it helps to 
target any potential danger. 
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NOMEN IVIOINT = 
DISEASE 


Tissue 













Vulnerable 










cells damage 
During an Diseases involve 
autoimmune the attack of 


response, antibodies 
are made to attach 
to self-antigens. 
These are no longer 
a form of protection 
and the cells become 
vulnerable. 


different cells. 

These are often 
parts of joints, 

skin and organs. 
Some diseases 
even affect the 
whole body. 
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An estimated 75 per cent of all qutoimmune disease sufferers are women 
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The traces carved by a 
swarm of Xenobots as 
they move through and 
collectively move 
particulate matter 


aw @ 








Meet the 


A man behind 
me Ws ei 


Co-author Dr Douglas Blackiston explains 
the unpredictability of Xenobots and how 
we can use them in the future 
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“Cardiac muscle cells 
give the Xenobots their 
ability to move through 

contraction = 





That’s up to the Xenobot. | wish | could say | had a 
Ko) come (om dal=)q=¥m olU)mnYolUm olUlmual=)aamiamualsmcve)leid (ela 
and then based on the physics of their movement 
system and the way they’ve been patterned, they 
do all of these things on their own. We have no 
ake{slacie-lareliacema(e|ajanace)ivm lm imecmcro)aalsisalialemelarelsle 
iu ats)| mexelaluae)m-lalemcxolaalciaaliaremunrc\/aaomele)iate 
intelligently or if that’s some by-product of their 
physiology. We’re looking at ways to control that. 
AAVeWl ate hV=m am o)(e) (oxenvandal=er-]0)| (1m yanke mere) aia ge) man leisies (21 
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Xenobots are named after the African clawed frog [Xenopus laevis} from which they take their stem cells 


Stem cells need to 
loxsvexo)aatomaalsmalelais 
olUliKellateme) (eter a> 


aa 
~~ 


‘o\Vasialialiarem icepaem e)\’ae) rhino mudinamante)(-imlt-|¢ 

fe [=}al=iu(orseam (olU mor-]a Ml aat-lellal-mels)/alem-Milelalmcvelelaw=mels 
Fels) are lalo mel ahvdlale mmalstovoW-] cele) alem-lalem-lermi’sclalalemaalsiia 
muscles in. That’s one of the things we’ve been 
looking at, but as far as we know this scattering 
X=) ate hd (e 01am [oars es) ole) alts] al=xel0 rom ©) al=vave)aal=)arelammAlc> 
were surprised to see it. But it matched a lot of 
what we saw in our simulated robot. 


What inspired you to pursue this research 


and what are its future applications? 
| was really interested in this idea of plasticity. 
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living machine 
mce)aamigeye Mex) | Muomielaleas(e)aliare 


machine, it’s a delicate process 
voce) gaamual=milate|m<clalelereye 


(0) ee M(0)0m a=Lexo)anle)|al=m-]alem a=ssiu ae [eine] a-m ey-| ame) mela 
lalla ate] om oletehvar-lale Mar-\\comiMecl all at-\Vcowr- aU laced (e)are] 
behaviour, like metamorphosis, for example. 

by Lole iM c= aso11=) ale rel Nano] Calon mel echVVliaremelalinatclarclare 
making it into a flying one. The Xenobots are very 
different, but it’s this idea of taking cells that are 
faare(e(omue) mesie)aal-iualialem ll come] ae) dialemsmaaelem-lalemasteli\y 
olUscyalialemaatsm lianlecmevmm e)t-loia(erimVam oll ad [ale mualstsy-mere) |[s 
Taikem are)=)mexe)alalel0le-luce)atcm-laremeleli(eliatemcxe)aatsinaliare 
new. But beyond my own interest, this technology 
is a great sandbox for other scientists to play in. 
There may be scientists who want to build 


Flow to make a 











-\aaatelalevicleiselazye—,(-1ale)ele)mmctol One 
Veo) OM aalcelcelaccmiame|tclaat-1k-)emaatcle(> 
lige)anmcmiaele m-laalelayce 


ol] nK)qc) aims are) olsun ke) ame] ce)uidlalem alll aat-lame)aet-lacemele 
olFeWAlaremdiaamellnicclaclalemd(csoielstow-lalemtch{clalaremualclaamla 
different ways. The technology that we developed 
oxo) 0] (em ast] 1 hy lowe] ©) ©) | Ler-]0) (=m komr- Mm (o)mme)me|Iniclalale 
areas, even regenerative. If you lose a finger or an 
arm, you want to regrow the right amount of 

a Kcto1U(o Ml [am Malsm ale) alm ©) -[e1s wre] ale moxe)aluae) male) imuarele 

'Uyay ey= (el. @1alem ats] ©) 012) alceers] elem a ptolmscmv(-) a’ mere) an) e)i (ero naien 
However, Xenobots, where you can place the cells 
and grow and shape them, allow us to get into the 
nitty-gritty of how that process works, and how 
we get control over that process. 


How It Works O33 










Allimages © Douglas Blackiston 


SCIENCE 





Know your enemy: here are some of the basics behind the 
pandemic that has paralysed the world | 









Fever 


+ 


ea : j =, Feeling hot to touch, 
: () (} \/ i -| G Jaco esate ¢ , particularly around your 
A . | chest or back, could be an 
1 7 | Tate|(or-)d(o)a me) miniicceiuie)an 
l 

‘ 

\ 


Persistent 
coughing 


(Oxo) lelaliaremal=re nal hace) mm anrelas 
lu atelamelamaleleleme)aiualas\-me) 
aaie)a=merelelelaliarem=)e)icvele(=1<) 

within 24 hours. 


| 2 Al | 


Coughing \\ Touching Ww Shortness 
and sneezing — Surfaces  \ of breath 


MTaN Ae lne)e)(lest-lacW ae (crelcvem nixon tale | COVID-19 can survive onsurfaces | COVID-19 can affect the 
air when you cough or sneeze. If \. for a few hours up to several days. | respiratory system, leaving 
laa niksxei kale me] ge) e)(=1ho¥-] a>) | | A Kole ovaliarem-laminiicven-vem-ielar-les | those who are infected 
Talat} (=Xem ©)\var-lale)aals)am ol-lacte)p \ relate maalciamuelecoialialemycele| mur-(- mao short of breath and in 
1uate\ VAN" || re] bsxem ol=xexe)aale fi A\ can transmit the virus | / severe cases requiring the 
infected. if “%, betweenpeople. —# assistance of a ventilator. 
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i is 
| ] 4 | q | | () ] H [ | () Ai at=m(=lalejdame)malaal=mitc).(=)amice)aam=).4eles-jela-mne) 
the virus to developing symptoms 


MR NOROVIRUS (VOMITING BUG) 


es SWINE FLU H1N1 

RS CHOLERA 
ES COVED -19 
| EINES SES 








Prevention 














~ Antibiotics do not work 


The transmission of COVID-19 is biotic : 
against viruses, only bacteria 


hot prevented by hot weather 


Deng NEIENE vee be 
infected with i e virus 
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What are 
E numbers? 





How to decode the additives in your food 


here are thousands of additives 

used in food, ranging from 

coloured spices to acid 
preservatives. With some being much 
more harmful than others, how are you 
supposed to differentiate between 
them? Chemicals can have such 
complex names that you can read the 
back ofa crisp packet and be none the 
wiser to what it is you're actually eating. 

E numbers are the codes given to 

these additives, helping to categorise 
them based on their characteristics. 
Each category provides a different 
purpose for the food they are added to. 
This numbering system was put into 





Preservatives 
(E200-E299) 


Added ingredients in this category are used 
to stop food or drink from spoiling. To 
achieve this they fight off any bacteria, 
mould, fungus and yeast. Without them 
foods would have a shorter shelf life, 
becoming an unsuitable colour, texture or 
flavour much more quickly. 





Acidity regulators and 
anti-caking agents 
(E500-E599) 


Acidity regulators help to control the pH of 
foods, while anti-caking agents are 
frequently used in powdered foods to 
absorb excess moisture and stop lumps 
from forming. 


036 How It Works 





place in the 1960s, with each additive 
given a unique number based onits 
properties. These are prefixed with an E 
for Europe, but many countries outside 
of Europe simply use the number. One 
example is aluminium, which is given 
the code E173. The numeric part begins 
with a1, indicating that the additive is 
used as a food colouring. In this case it 
gives a silvery shine to food, sometimes 
seen on sugary confectionery. 

Some E numbers are deemed 
necessary to give foods the 
characteristics that make them 
appealing, but negative health impacts 
can be hidden behind the coded letters. 


nie |, " 
CF E , 
1 is jie : 
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Antioxidants 
(E300-E399) 


As the name suggests, antioxidants reduce 
oxidation. This process would break down 
oxygen into atoms and unpaired electrons 
called free radicals. Vitamin C is one of the E 
numbers that prevents this, stopping free 
radicals from damaging cells in the food. 


Flavour enh 
(E600-E699) 


Flavour-enhancing additives are usually 
added to processed foods to make them 
taste nicer. May fast-food restaurants and 
take-aways are thought to use flavour 
enhancers in some way, also helping to 
make them more addictive. 










Ancient Romans added 
saffron to their food for 
spice and colouring 





Food colours 
(E100-E199) 


E numbers in this category are incorporated 
to change the food’s appearance. Food 
colourings are common in sweets to 
differentiate between flavours and to make 
them look appealing to children. Some of 
these ingredients are more healthy than 
others, such as curcumin (E100). 


q/ 
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Thickeners, 
emulsifiers and 
stabilisers (E400-E499) 


This category has variable properties. In 
foods such as soups and sauces, E numbers 
can create a good consistency. Meanwhile, 
emulsifiers and stabilisers are added to 
foods that need to keep oils and water 

from separating. 


Sweeteners, foaming 


agents and gases 


(E700-E999) 


The additives found in these categories 


hold a broad range of purposes. For 
example, nitrogen gas is often added to 
crisp packets to keep them fresh and stop 


them from oxidising. 
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Colours of 
hyperactivity 
These food colourings 
stimulate childrens’ 


nervous systems and are 
linked to hyperactivity 


Tartrazine 
Found in foods such as 
custard, marzipan and soup, 
this lemon-yellow dye is one 
of the most common food 
colour additives. 


Quinoline Yellow 
This additive is banned in 
Norway, America, Austria 
and Japan for health 
reasons. The colour is 
believed to cause 
inflammation of the skin 
called dermatitis. 


Sunset Yellow 
Common in orange squash, 
cakes and Irn-Bru, E110 is 
not recommended for 
children. The dye, which is 
made from petroleum, can 
cause abdominal pain. 
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Carmoisine 
E122 is a product of coal tar 
and is banned in many 
countries due to its 
carcinogenic properties. You 
can still find it in items like 
sweets and jellies in the UK. 


Ponceau 
Ponceau is a common 
ingredient in salami, seafood 
dressings, trifles and 
processed fruits. 
Hyperactivity is the main 
risk when ingesting this 
E number. 


Allura Red 
Also known as Red 40, it’s 
often found in cheese, salad 
dressings, cereals and 
marshmallows. To avoid this 
colouring some companies 
now use natural sources 
such as beets and purple 
sweet potatoes. 
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DID YOU KNOW? Primate Is the Latin word for ‘first rank’ 
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The amazing diversity of . 


_ From minuscule mouse lemurs to the mighty silverback 
gorilla, this animal order is so much more than just monkeys 
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here are over 500 species of primate 

spread across Earth of all shapes and 

sizes, from the tiniest tarsiers to the 
mighty gorilla. Made up of about 16 families, 
this order of animals is so much more than 
just monkeys, and each primate family looks 
and behaves extremely differently. 

Lemurs, bush babies, monkeys and apes all 
make up the same order that began evolving at 
the extinction of the dinosaurs. “The primate 
order is so diverse, it goes from prosimians 
right up to human beings,” explains Dr 
Ol ateDalelaremiksleoleyetsUCommeyanartslucm=).qe(vam- betel 
former head of life sciences at Twycross Zoo. 
“It’s made up of animals that live in terrific 
social groups like capuchin monkeys and 
animals that are essentially solitary, like 
orangutans. It’s really quite a diverse range of 
species.” Over millions of years the biology 
and behaviour of each emerging species has 
grown more complex, leading up to the arrival 
of human beings. Human societies are 
intricate, but we aren’t the only primate 
species to live in social communities. There 
are actually a wide range of similarities 
between humans and other primates. 

The very first primates - known as proto- 
primates - emerged 65 million years ago at the 
end of the Cretaceous Period. As dense forests 
aC WawedcoLeed alo vimers Vase mmert-DiibertcUce-Dilemeyeaets 
began to occupy niches they had never had 
access to before. 

Asmall rat-like mammal named 
Purgatorius thrived in the newly green 
environment, and as plants began to bear 
fruit, it began to climb trees. It could also take 
greater advantage of the new food source 
available. This new ability to climb gave 
Purgatorius a competitive edge over others, 
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and over the following 15 million years an 
entirely new group of animals emerged: 
prosimians. This suborder is made up of 
lemurs, lorises and bush babies. They were the 
earliest modern primates to evolve. “The key 
to their success was their adaptability and 
delsvbar-loyebiaiacen-y.qe)loyimmelsmeletDatea bets 
environment. They were great climbers with 
excellent dexterity and were able to occupy 
new habitats,” explains Macdonald. 

Prosimians developed good eyesight and 
hearing to stay safe while feeding on the 
ever-growing supply of fruit in the forests of 
North America, Europe, Africa and Asia. 

These early primates were very successful, but 
couldn't compete with the emerging monkeys 
and apes, so only nocturnal prosimians 
survived. Bizarrely, as the nocturnal lemurs of 
Madagascar had no competitors, they shifted 
back to being active during daylight. Lemurs 
show different traits than other primates, such 
as their methods of communication. 

“Prosimians are very scent-orientated and 
they use their sense of smell much more than 
other primates,” Macdonald explains. “A lot of 
lemurs have very long muzzles because they 
have long nasal cavities with a lot of scent 
receptors. They have scent glands on their 
eeicadetcimietsyimavlekeyomaelomr-DiCmroneatasvelel 
out-compete the other males.” It’s still unclear 
exactly how Madagascar became home to its 
wildlife, as it developed into an island 20 
million years before the first primates started 
to evolve. 

The first monkeys emerged nearly 40 million 
years ago, and the first New World monkey has 
been identified as Branisella, the ancestor of 
marmosets and spider monkeys. There’s still 
widespread debate as to how exactly these 
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monkeys populated South America - hence ‘New 
World’ - but it’s widely believed early primates 
hitched rides across the ocean on floating islands 
or driftwood thatches. The continents were still 
slowly drifting apart at this time, making the 
journey across the Atlantic Ocean much shorter. 

Branisella had sharp teeth and a prehensile 
tail-an important trait found in monkeys that 
prosimians and apes don't share. This tail was 
the key to treetop survival. “Their prehensile 
tails gave them an extra limb,” Macdonald tells 
us. “The development of the tail allowed them to 
move fast through the thick tree canopy and use 
both hands while relying on their tail for 
balance. For example, if trying to crack a nut, 
they could anchor themselves with the tail and 
crack the nut with both free hands.” 

It’s clear from fossil records that 33 million 
years ago the first ancestors of Old World 
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Cotton-eared marmosets live in the edge of 
forests and have sharp claws for gripping trees 













monkeys were emerging. These primates 
walked on all fours and had ridged molars like 
modern monkeys. Within 15 million years 
several monkey species with cheek pouches, 
similar to modern-day baboons, fed on leaves 
and roamed throughout Europe and Africa. 
These gave rise to larger primates like rhesus 
monkeys, macaques and baboons. 

Even though they all bear many similarities, 
there are several differences between the 
monkeys found on different continents. “A lot of 
the differences are anatomical. Old World 
monkeys have central nostrils that point 
downwards, whereas New World monkey 
nostrils point sideways, giving them the name 
platyrrhine monkeys, meaning flat nose. The 
majority of Old World monkeys have opposable 
thumbs, whereas New World monkey thumbs lie 
in line with the rest of the fingers, so they have 
more of ascissor grip.” 

A primate called Propliopithecus was 
established in northern Africa around 30 million 


Different primate groups at a glance 


This scientific order contains hundreds of animals, from the minute 


pygmy mouse lemur to the mighty silverback gorilla 





Cercopithecidae, African or Old 
World monkeys are a family of 
primates that live across Africa and 
Asia. Consisting of around 130 
species, a lot of these have 
specialised cheek pouches to help 
digest starchy fruits and vegetables. 
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These small monkeys inhabit central and South 
America. They are mostly tree dwellers that 
can move rapidly between trees with their 
muscular tails and feed on pulpy fruit. They 
evolved from only a few ancestors that first 
arrived in South America 40 million years ago. 


NEW WORLD MONKEYS 
Bald uakari 
Howler monkey 
Woolly monkey 
Emperor tamarin 
Valitsta ta) geys|tcreKer-]0)eleialia 





Known as prosimians, these 
feed on fruit and seeds in 
tropical forests and are mostly 
nocturnal. True lemurs are only 
found in Madagascar, but lorises 
and bush babies are found on 
mainland Asia and Africa. 
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The long limbs and prehensile tail of the 
black-headed spider monkey help it 
swing between branches 





“The first New World 

monkey has been 1s 

identified as Branisella, ~~ 
the ancestor of 
marmosets and 

spider monkeys © 


years ago and is believed to have been the first 
true ape. It resembled asmall gibbon, which 
were the first modern apes to evolve. Apes and 
monkeys are very different animals. “Monkeys 
have tails, and tend to be smaller than apes. 
Gibbons, chimps and other apes have flatter 
chests than the rounded torsos seen in 
monkeys,” Macdonald explains. 

During the Late Miocene - starting around 11 
million years ago -an abundance of apes 
emerged that unfortunately are no longer 
around today. Gigantopithecus, for example, was 
twice the size of amodern gorilla. Animals such 
as this were the ancient ancestors of gorillas and 
orangutans, which are in different subfamilies 
to hominids. These include chimpanzees, 
bonobos and even us humans. However, 


Hominoidea, or apes, are large, tailless and evolved 
most recently of all the primates. They are highly 
intelligent and have elaborate social interactions, 
though many ape species existed and are now 
extinct due to extreme competition from other apes. 


PN od bo) 
Siamang gibbon 
Ol ealaleqvieala 
Gorilla 
(@lalinaley=lay4z\~) 
Bonobo 
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A howler monkey's powerful how! can travel around 4.8 kilometres through dense rainforest 








Primates: from 
the beginning 
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Purgatorius (proto-primate) 
These were the common ancestors of 
modern mammals. As Purgatorius filled 


Prosimians 

Lemurs and bush babies evolved to 
live in trees and feed on fruit. They 
stayed safe from predators as they 
were active at night. These animals 
have survived so long as they are 
mostly confined to Madagascar 
with very few natural predators to 
ViVe) a aVare] ele l0 le 


New World monkeys 
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America after their ancestors 
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species have evolved and are seen 














different niches, over millions of years 
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Ponginae 

-Nol=ssm uate lmmaalle|eciacre 
from Africa to Asia 
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Old World monkeys 
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Human ancestors - 
Bonobos became a separate 
species from chimpanzees around 
2 million years ago. These are 
closely related to humans. In recent 
history there were many other 
nlUlantclatelll.cowe] lous) elalel(ossmmalclmel(elame 
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Chimps share 99 per cent of DNA 
with humans and were the first 
nto)aalialiasmeek=\\.e) oem Nalicesie lon 
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group evolved from a now-extinct 
ape that lived 8 million years ago. 
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“There are several differences between 
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the monkeys found on different continents ™ 


hominids didn’t appear until 8 million years ago, 
and humans first emerged in our modern form 
only 100,000 years ago. 

Since ancient times humans have developed 
complex societies, but we are not the only 
primates to live in structured social groups and 
communicate in complex ways. “The basics of 
ape behaviour are very similar actually. Ifapes 
are upset with each other they will fight, ifthey 
are happy with each other they will groom or 
play, but by carefully studying the details of their 
behaviour reveals them to be very different,” 
Macdonald explains. 

Orangutans live in different social structures 
than other ape species. “The orangutan family 
unit usually consists of a female with up to two 
offspring. Male orangutans live completely 
separately and only seek out females to mate 
when they are in season.” Females and young 
orangutans live in family groups where the 
adults spend time together and related young 
frequently play with one another. Unknown 
orangutans are treated with suspicion, and 
young aren’t allowed to play with the young ofa 
strange adult. Female orangutans settle next to 
neighbouring apes they can trust, and each 
orangutan announces to the group when they 
are going to sleep. 

“Gorillas live in family groups led bya 
dominant male, commonly knownasa 
silverback,” explains Macdonald. Groups with 
more than one male attract and retain more 
females, while females decide when it is time to 
copulate. Lowland gorilla groups contain only 
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one dominant silverback who fiercely protects 
the females and young apes. 

Chimpanzees and bonobos do share common 
ancestors, but 2 million years ago these apes 
were separated by the Congo River. By 900,000 
years ago they became two entirely distinct 
species, and although they look incredibly alike, 
they behave differently in the wild. 

Female bonobos have close relationships, and 
the males don’t fight over females. Their 
communities can be dominated by females and 
are more peaceful than those of chimpanzees. 
“Bonobos show a lot of sexual behaviour. This 
is not just used for mating; they useitasa 
bonding activity, as reassurance, and they will 
also use sexual behaviour to resolve arguments, 
reveals Macdonald. 

In contrast, a single male chimp dominates 
each community, using aggression to defend his 
status. Females don’t associate closely, but 
males form strong coalitions. “To bond, chimps 
will groom and play,” explains Macdonald. 
“Bonobos play and groom, but they will use 
sexual behaviour for the same purpose - to 
become friends.” 

Despite their startlingly similar appearance, 
Macdonald tells us the two species are difficult 
to compare. “It’s like comparing cats and 
dogs - they are completely different species,” 
she confirms. 
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Lar gibbons communicate vocally and are known | 


to duet to warn off neighbours posing a threat 
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Baby orangutans learn from their mothers, 
staying with her for at least six years 





At the tip of gd monkey's tail is a patch of bare skin that acts ina similar way to g human's fingertips 









Chimp vs bonobo 


Though they share nearly 99 per cent of their genetic material, 
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Chimpanzee — Bonobo 
Pan troglodytes = = Pan paniscus 


Average male weight : Average male weight 


60 kilograms © 40kilograms 
Average male height : Average male height 





1.5 metres : 1.2 metres 

















Promiscuity 
Onl haaomallelatcssian gclal.<iare 

nate] (omevalinnley-lavcc\-ourel a> 

allowed to mate, and 

# females are heavily 
guarded to make sure no 

lower ranks have access. 

Bonobos use sex aS a 
olasrolulalemlalemne) 
Siuaslaleyaarclamcyeleitc]mele)alels 

within the group. 





Taking the lead i, 
Rather than answering to a- E . 
ofo)naliatclaimantclicnmiciantel(= bonobos 
become leaders of their group. 
Glalianlerclayssrome| cele] esi] kM NeN ES 

[eto ova aatel(ssstarelalemay-leane] gel lem ates 

an alpha male that takes the top 
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Resolving conflicts : i @ Strong alliances 
Chimpanzees will shout, threaten and fight 3 Female bonobos are close with other females 
others to resolve a conflict that arises, while ' | ae ma acl me) micye)aialepuelelemi=ealc](oevnliaslesmelelame 
males use intimidation to get their way. ss 3 tend to team up and often show aggression. 
Bonobo disagreements are settled peacefully . : Male chimpanzees form strong alliances with 
AVI a sXoleio] Me] cele) aalialeme)asi=>.<0l-]mel-lar-\lelele > 3 others, but rarely bond with females. 
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Why the Earth has 
magnetic aye) (2 








Extraordinary geological goings-on in the planet's 
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hen a compass points north, what’s 
guiding it? The answer is the 
magnetic north pole. The compass 
needle is attracted by this awesome power in 
the Arctic. This is different from the place we 
call the North Pole though. It’s the tip ofa 
vast bubble of energy that surrounds the 
Nj aCe) (ome) tc betsy a 

While Earth's magnetic field reaches into 
outer space, it begins about 2,900 kilometres 
beneath our feet. The planet’s outer core is a 
scorching sea of molten iron and nickel. This 
is always churning, with liquid metal rising as 
it heats, then cooling and sinking. The 
planet’s rotation also causes swirling 
whirlpools to form. As this liquid metal is 
conductive, this constant motion acts asa 
dynamo. It generates electricity, producing a 
magnetic field. 

Like an everyday bar magnet, Earth’s 
magnetism concentrates at two ends: one in 
ide(ewesbapelojademesbelomael-Kojmelsvarjelvisemm sede (-mael= 
force is strongest at these poles, the invisible 
field fans out in every direction between these 
two points, so it’s all around us. 

Geological evidence suggests that the 
wexTelehipercverlommdecclmeleyit(s) ao or-badem-prit-tesels8 (6 
field began at least 3,450 million years ago. 
When the hellishly hot core eventually cools 
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seen from space, 
caused by cosmic 
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and hardens, the magnetism will fade away - 
like it did on Mars long ago. While that’s 
billions of years away from happening on 
Earth, that doesn’t mean the magnetic field is 
stable. Even slight fluctuations in the core’s 
temperature or fluid flows can have very 
dramatic effects. 

First off, itcan make the poles move. The 
magnetic north is currently wandering from 
Canada towards Siberia - and it’s gaining 
momentum. While it once shifted an average 
of 15 kilometres a year, since the mid-1990s it’s 
been moving at 55 kilometres a year. The exact 
cause is uncertain, but a high-speed jet of 
liquid iron may be to blame. 

The strength of the magnetic field also 
varies, waxing and waning in different parts 
of the world each year. There are signs that it’s 
been weakening worldwide for 160 years, 
possibly due to dense rock under Africa 
interfering with the core. 

Most incredibly of all, a quirk in the core’s 
chemistry can even make the poles reverse. 
It’s actually happened hundreds of times 
before - though not for 780,000 years. When it 
takes place it’s not quick either, with the shift 
taking thousands of years. Future generations 


_ might be asking why their compasses always 


point south instead. 








The planet’s 
protective shield 


Earth’s magnetic field protects life on 
Earth from the plasma and particles that 
constantly spew from the Sun. Without 
this barrier the ‘solar wind’ would ravage 
our atmosphere, starting with the ozone 
layer that keeps out ultraviolet radiation. 

Takoiket-le Mm dateMaatlelavcid(oma(=)(eM vel] calor a 
id at=Moiat-|ae(=\em oy-] mu (o(=t-w-|aelelaremaal=melt-lalcie 
so that they stream beyond it. But this 
gust of wind still distorts our magnetic 
ii(=\(eMmoxe)an|e) c=-s-JlalemanreMmaarslelarcidiom llal=t 
fog (oN-{=Mi Kole (=1e n=) mmelamaal=Mel-\\c-J(e(-Me)m at-]aap 
Tale mojuasicovaliave maal=leamelel mm (alcem-joy-(x- mela 
idatewallelaleiie(=e 

Sometimes the Sun releases a larger 
burst, known as a ‘solar storm’. This can 
overwhelm our protective barrier, but 
magnetic field lines still funnel these 
invasive particles to the poles. Here they 
react with the molecules in the air, so 
roy avceretamel (on uemyc=) (el ar-]alemelacta)aMeiidaele(=ia 
oT AY{=3-0) Hm =\e PURYA (0) (=) ms] ale oloxor-l-J(e)ar-lI MMe) (eCem 
This is the dazzling natural light show we 
call the aurora. 
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DID YOU KNOW? Magnetism in Earth's outer core is about 50-times stronger than it is on the surface 





The bow shock 


| The furthest reaches of the 

| magnetosphere act like a hump in 
the road, forcing the solar wind 
- often travelling at 500 


Explore the magnetosphere 
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into space, where it can be divided into distinct layers 





The inner core 

Earth’s heart is two-thirds the 
size of the Moon. Temperatures 
here can reach up to 5,500 
Celsius, but the crushing pressure 
prevents the iron from melting. 


Liquid-metal layer 
The outer core is about 2,200 
kilometres thick. This sea of 
molten iron-nickel alloy is heated 
by the inner core and creates the 
manetic field as it’s grilled. 


The motion of 

the ocean 

While the core is the main source 
of Earth’s magnetism, minerals in 
the crust and tidal movements 
also generate less powerful fields. 


Polar opposites 

Like a simple bar magnet, the 
Earth’s magnetic field is a dipole 
- meaning it has two poles. 
One’s in the north, the other is in 
the south. 
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The magnetopause 
Several hundred kilometres in the 
air, this is where the solar wind 
and our magnetic field collide. 





kilometres per second - to reduce 
its speed. 


The magnetotail 

While the dayside of the 
magnetosphere is battered by 
solar wind, the nightside forms a 
long tail that can stretch 
hundreds of times the Earth 
radius, beyond the Moon’s orbit 
at 60 Earth radii. 


The tonosphere 

Starting about 50 kilometres 
above the surface, this region Is 
full of atoms that have been 
stripped of their electrons by the 
solar wind and cosmic rays. The 
aurora appears in its upper layers. 


Adapting toa 
aie lave mele) (= 


WM at=wantclelaczid (om alelmdam ele) (-M-m-j ol-\-lehimel aia: 
has left authorities scrambling. Last year 
idat=\"mat-lemcomel oler-lu=Mant-m ola (emi tele] alia (o 
Model - which is used by military forces 
and GPS systems on smartphones - a 
year ahead of schedule. If they hadn’t, 
ColUl me ar=\"s-Mr-] mele lalemaunl=W-\ gerd (om astel(olamecelel (a) 
have been disrupted. 

Many species - including bees, pigeons 
and turtles - also use magnetism to 
are NVAle FL k=Pam Mal=m ole) (=Momiecele(-aM-ialiamonlielale 
throw off their bearings, so they can’t 
ilavemaal=limme)acyq\ellaveme|qelelacetme)malelaidiare 
spots. But, like us, the animal kingdom 
will adapt eventually. 
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arwin's 
TRAVELS 


How the father of evolution’s five-year voyage changed 
the way we think about life on Earth 


ow do you even begin to predict how life 

on Earth first emerged? As just one of 

many millions of species living on this 
planet, humans are a curious one; we are 
constantly seeking answers to unknown 
questions. But perhaps the question that gives us 
the most purpose in life is trying to understand 
why we are here. What is our history and how 
did we become the species we are today? 
Nowadays we are able to open a book or turn to 
the internet to look for these answers, but it 
would take a five-year sea voyage nearly 200 
years ago to establish the modern 
understanding of how life on Earth evolved. 

Turning the clocks back to the 19th century, 

ideas about the world were very different to 
those commonly accepted today. Most people 
stuck to the belief that the planet’s design, and 
all ofits inhabitants, were fixed. The world was 
the way it was because a creator made it like 
that. It had always been that way, and in most 
people's eyes that way it would remain. 
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Words by Atlsa Harvey 


Today views are very different. We know that 
all organisms need to adapt to the environment 
in which they live. Ina continuous competition 
for survival that sees the strongest species 
thriving, evolution is an ongoing process with no 
final destination. This is because Earth is also 
experiencing constant changes in structure and 
climate. Many diverse life forms are battling it 
out for their place in nature. Each and every 
change in an organism’s genetics has helped to 
create new branches on the tree of life, adding to 
global biodiversity. 

But where did this theory of evolution come 
from? The answer is in its name - Darwinism. In 
1831 a 22-year-old man called Charles Darwin 
agreed to take partina trip ofa lifetime. Not only 
would this trip help Darwin forge his future, it 
would also provide answers to many of the 
questions dividing scientists at the time. He 
would provide global evidence about the origin 
of species on Earth that most would come to 
accept. All it would take is one trip. 
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DID YOU KNOW? During his voyage, Darwin covered 64,373 kilometres of sea and travelled over 3,218 kilometres on land 
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Pp Anel: Main mast 
oop ah . a Oa : eC Darwin and other crew members 
This room at the back of the ship Reed an neinendion cana 


was where Darwin spent much of 
his time. Featuring a skylight, Darwin 
used this as both his work and sleep 
area. Being at the back, this room 
was almost constantly swaying, 
giving him frequent seasickness. 


the masts, following the captain’s 
orders. In his diary Darwin wrote: 
“The wind fell and was succeeded 
by acalm; this is always the worst 
part of a gale, for the ship, not 


being steadied by the wind 


Darwin spent a total of 18 months living at sea pressing on the sails, rolls in a 


most uncomfortable manner.” 








Le 









ff. fi i i i 


i Lo Lo eo) 


Captain’s cabin St Fri ¢ EF - rT 4 
Captain FitzRoy had his <= | = HH ; a= 


own space where he | 
| Whaleboats ~ TT Ly 


would eat separately | | i) 



































3 from other officersand | The ship had seven smaller boats, —— att —a | | 
2 crew members. He would | including four whaleboats. This meant Ca FSR) (SE PRS) a {Ne ace EL ps TG DU (a lee) 
> sometimes invite others _ Darwin and other crew members could — 
S to eat with him, and explore sites closer to land before 
: Darwin often ate here. sailing the whole ship to each area. Width: 7.5 metres 
© 
lo | 
The primary mission 
Darwin’s voyage was only the second top-heavy. Issues of safety and comfort 
voyage the HMS Beagle had taken. almost stopped Darwin from agreeing to 
Originally built for Great Britain’s Royal the trip. He was told that if the ship was 
Navy, it first set off five years earlier. For unsafe, it wouldn’t be sent for such an 
Darwin’s trip the Beagle was tasked with important voyage - and luckily the boat 
surveying the physical features of the held up for the full five years. Of the three 
coasts of South America. The vessel was surveying voyages the ship carried out, the 
revamped with a new raised deck and second is best documented and most 
: brass guns. famous. After one more sea-surveying trip 
So As a Cherokee-class ship, a type of the Beagle became a coastguard watch 
_—— vessel nicknamed ‘coffin brig’ due to their boat, and no longer spent long periods out 
tendency to sink, it was dangerously in open water. 
This illustration shows the 
ship being repaired during 
the second voyage 
048 How It Works oR = ene aye eeece ily corn 


Charles Darwin collected more than 5,000 specimens to help him piece together his findings 


Mess tables 

This room was for socialising and eating. Darwin was known 
for eating almost any animal he discovered. A few days after 
Christmas Day 1833, the ship’s cook served a rhea. Halfway 
through the meal, Darwin realised that he was eating a rare 
large bird that he had been searching for. 


Length: 27.5 metres 
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“He would provide 
global evidence 
gbout the origin of 
species on Earth™ 


Darwin Island, Galapagos 

The Galapagos Islands fuelled 
much of Darwin’s evidence for 
evolution. As one of the smallest 
islands, it is an extinct volcano with 
a rock feature: Darwin’s Arch. 





Darwin, Falkland Islands 

Darwin is said to have spent the 
night here. While exploring the 
Falkland Islands he spent time 
intrigued by wolves and bird life. 


Darwin Sound, 

Beagle Channel 
This stretch of channel in Chile was 
named by HMS Beagle’s captain 
FitzRoy. Here Darwin used quick 
thinking to save crew members as 
falling glacial ice threatened to 
sweep away their boats. 





























Port Darwin, Australia 

Found in the Australian city of 
Darwin, the port was given its 
name by Darwin’s former 
shipmates when they travelled on 
HMS Beagle’s third voyage. 





Hammock life 
One of Darwin’s initial 
challenges was learning how 
to sleep in a hammock. With 
over /O people on board, 
space was tight. Darwin would 
hang his bed over a table used 
for work during the day on the 
opposite end of the ship. 


Charles Darwin Research 
Station, Puerto Ayora 
In 1964 a research station in his 
name was established, allowing 
continued scientific work and 
preservation in the area. 
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: Ba —~ rey February 1832 Bahia, Brazil 


Here Darwin stumbled 
Follow the journey of the Beagle as Darwin unfolded 









across the large shell 
fossil of an extinct 
armadillo and the bones 
of giant ground sloths. As 
he watched the living 








The large armadillo fossils 









the history of life on Earth Darwin found are now known to armadillos run around the & 
be part of the Glyptodon genus floor, he wondered how £ 
fossils and modern Q 
species could share so 2 
Rainforest questions many similarities. He E 
Previously Darwin’s religion may have led him to see the good in theorised there must be a . 
Earth’s creations. However, when he was in the rainforest he link between the two. = 
spent months observing its diverse creatures. One of the insects amet a 
4 he documented were parasitic wasps. He noted the ugly side of PS / 
S nature as he observed them laying eggs in live caterpillars. When : 
© the eggs hatched, the young wasps would eat the caterpillar alive. mare 
Darwin spent Seana 
months in Rio de | ~ 
Janeiro studying easel 
insects - oop rae yee See 
i FI 





* 
September 1835 Galapagos Islands, Ecuador SA, 
The famous finches 
Darwin had high hopes for the group of islands that were the Galapagos 
- and he wasn't let down. He studied the volcanic landscape and array 
of plant life, but what became most significant was his analysis of the 
birds. As he travelled to the different islands he noticed slight 
differences in the finches. What he would later decide is that this was 
due to them evolving to live in each island’s unique environment. 
Another animal that helped solidify his theory was the giant Galapagos 
tortoise. His close inspection and documentation showed that their 
shell structure differed by location. When leaving the islands, the ship 
had a lengthy journey to make across the South Pacific Ocean. Darwin 
used this time to make links between his specimens. 
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3, Geupian parvela, 4. Certhides elivasea. , 
The finches Darwin < : 
documented had beak 
shapes tailored to 


their diet 


RIO DE JANEIRO 





74 ; f 7 
Ni July 1834 Valparaiso, Chile , 


a Understanding Earth 

|  —. This is where Darwin left the ship to study 
inland Chile. He spent over a year exploring 
this area, encouraged mostly by intrigue, but 
also his reluctance to return to the sea. Some 
of his most important experiences here were 
first-hand encounters of geological activity, 
it ae —— including a huge earthquake, tsunami and 
ail volcanic eruption. He understood the planet 
was constantly shifting. 





Darwin saw glaciers for 
the first time in Chile, 
describing them as 
‘beautiful beryl-like blue’ 
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Darwin was puzzled by the 

now-extinct Falkland Islands 
wolf as he didn’t know what 
this large mammal was doing. 
on the tiny islands 
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DID YOU KNOW? Over 120 species have been named after Dorwin, such os dorwinii and darwiniensis 














January 1832 St Jago, Cape Verde 


Written in the rocks 

On his first stop Darwin began analysing the 
geology of the small Quail Island. He noticed a 
horizontal band of seashells in the rockface, far 
above the water. He believed the sea level must 
have dropped significantly. This was an early 
indication of how Earth continuously changes. 


Source: Wiki/© Joseph C Boone 


Darwin wrote that rat-kangaroos, 
found only in Australia, lived 
where rabbits usually would 















Darwin could tell which island the giant 
Galapagos tortoises were from just by 


observing their Shells 
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Australia’s oddities 

Why would multiple sets of animals 
be created for the same life purpose? 
This is a question that struck Darwin 
as he watched the continent’s 
unfamiliar creatures in Sydney’s Blue 
Mountains. Here he saw his first 
platypus and rat-kangaroo. These two 
animals had evolved on their allocated 
landmass, far from the Northern 
Hemisphere, but they were carrying 
out the same function as animals like 
the rabbit and the water rat. 

In his diary he queried that if the 
animals were created in one 
permanent form, why would different _ 
sets of species be designed for two 
halves of the globe? 
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rE making his evolutionary links. After his first | K ne aerate? Fai x : 
% visit, he returned a year later in 1834 for | eat) lat the hardest ; Quick stop 
” further study. Some of the invertebrates he parts of his work would 4 Despite it being a relatively short stop to prepare for the sail home, 
had observed during his time there produced come at home Darwin didn’t put a halt to his research. In this area it was the rock 4 
, eggs in their thousands. Darwin noted that formations that caught his interest. One of the arguments between . 
P only a few of these were successful in geologists at the time was whether rocks such as granite were formed _ 
P surviving. These early signs would lead him to from molten rock or from seawater deposits. As Darwin surveyed the £ ‘ 
explain the process of natural selection. area, it became clear to him the rock was cooled, solidified magma. g [ 
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and one of the most dangerous | 
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peaks on Earth won? | 


Words by Atlsa Harvey 


aving met only weeks before, climbers 

Edmund Hillary and Tenzing Norgay 

shook hands before embracing each 
other in a moment that would entwine their 
names in history books forever. They were on top 
of the world - literally. After five hours of 
relentless climbing the duo made the first 
successful ascent to the top of Mount Everest, the 
highest peak on Earth. As the ultimate climbing 
goal for them both and the dream of most 
climbers, they had just 15 minutes to absorb the 
experience of being at 8,848 metres above sea 
level. Any longer and they may not have made it 
back to camp to tell the tale. 

With this in mind, the pair spent some of their 

precious minutes searching the area for signs of 
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those who had been before them. The bodies of 
two previous Everest hopefuls - Andrew Irvine 
and George Mallory of the 1924 attempt - were in 
the thoughts of Norgay and Hillary. However, 
they could find no sign of them having reached 
the summit. 

Everest has been responsible for claiming over 
300 lives and endangering many others, as it 
poses huge and unpredictable challenges. With 
high altitudes putting immense strain on 
human biology and with its icy terrain making 
each step a risk, when the climbers made it back 
to camp and the news spread, they were 
overwhelmed by global admiration and fame. 

Norgay and Hillary were determined to be the 
first to conquer the world’s highest mountain. 


= pets Stn ie 52 a 
cee gh ae ! E a ut ete ek Leh es 
ay oor eee oq eg | ie it ns See | ; ree. gk orem lH 


They had done it. At the time they believed that 
the box had been ticked and no one else would 
put themselves through the danger to repeat 
their achievement. They couldn't have been 
more wrong. Today hundreds of people choose 
to follow in their footsteps every year. In stark 
contrast to the total isolation felt on the first 
successful expedition, during times of ideal 
weather conditions, queues form up to the 
mountain’s summit. This creates dangerous 
standstills in the mountain's most deadly zones. 

Whether you believe these adventurers to be 
brave, admirable or out of their minds, it is clear 
that Hillary and Norgay have provided 
knowledge and inspiration for many to find out 
how it feels to truly be on top of the world. 
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Norgay left chocolate and biscuits on the summit as a food offering to Buddha 
























Hillary quickly 

began to feel i 

weak after taking Everest has 

his oxygen mask ' 

off at the summit claimed OVET Age at ascent 33 
300 lives Coonty Mew raaland 





Age at ascent 39 
Country Nepal 
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Fatal obstacle 

This prominent rocky step is armed with large 
boulder obstacles, and a climber’s corpse remains 
here as a reminder of the danger. The body, believed 
to be Tsewang Paljor is nicknamed ‘Green Boots’ and 
his neon shoes have become a landmark. 


What characteristics 
of a mountain make 
for a tough climb? 


Tough vertical 

A challenging 40-metre vertical 
is encountered here. The first 
Everest climbers used the 
routes along this step, unaware 
of their difficulty level. 


Hillary’s thoughts 

At 7,800 metres high, Hillary 
\. recalled: “Even wearing all my 

% down clothing | found the icy 

| breath from outside penetrating 
- through my bones. A terrible 

m2 sense of fear and loneliness 

fo = dominated my thoughts.” 
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| ‘ metres, there is less pressure 

je. fn - pushing air molecules together. 

~~ When climbers breathe in one 
“4, breath here, they are receiving 
= half as much oxygen as they 

b would at sea level. 


Death zone 
The body cannot cope with 
the 30 per cent oxygen level 
above 8,000 metres. Without 
an oxygen supply, cells die by 
the minute. a 
_ 75 per cent oxygen 
A high altitude is often defined 
as being above 2,500 metres. 
Air is noticeably thinner here 
Base camps than at sea level. 
The camp Hillary and Norgay’s 
team set up was over 8,500 
metres up the mountain. Today 
there are permanent camps 
dotted around the mountain to 
assist new hopefuls. 


Taking on Everest 


Norgay comes close Bourdillon and Evans’ attempt Hillary and Norgay prepare Leaving camp 


As part of a Swiss expedition, The first pair, Tom Bourdillon and Charles On the day of Hillary and Norgay’s attempt The duo leave their team at base camp 
Norgay and fellow climber Raymond Evans, set off having been selected by the they rise early to get ready, physically and and set off, determined to succeed. 
Lambert come some 237 metres team leader, Sir John Hunt. 91 metres short of mentally. Hillary wakes up to find his boots The expedition team hold high hopes 
short of the summit, but have to the summit, the weather turns, and oxygen frozen solid and spends most of this time for them as one of the strongest and 
return due to a lack of supplies. tank issues and a fall force them back to camp. attempting to defrost them. most knowledgeable pairs. 
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For years the pair refused to say who summited first, until Norgay revealed that it was Hillary in his book 











Sleep 
deprivation 

Sleep is essential for an 
effective climb the next 
day, but high altitudes 
make this difficult with 
fluctuating breathing rates 
and constant waking. 


Brain function 
At base camp there’s 50 per cent 
less oxygen than at sea level, which 
drops /O per cent less near the 
summit. This oxygen deprivation 
can cause headaches, confusion 
and sometimes misjudgement. 


 F ~ 












































Intense light 
At the top of the 
mountain climbers enter 
the upper troposphere 
layer of Earth’s 
atmosphere, where 
levels of ultraviolet 
radiation are 29-times 
higher and much more 
damaging. Climbers 
need to cover exposed 
skin, including the eyes, 
to limit damage. 


How are vital organs and tissue RaciCe Vd 


i 


by Everest’s extreme climate? le 


Breathing difficulties 

At altitudes just before the 
3,000-metre mark, the lungs can 
swell. Blood is being directed to parts 
of the lungs with the most oxygen. In 
other areas blood vessels are 
narrowing. At the summit breathing 
rates become up to six-times faster 
to try and maximise air inhaled. 


Slow digestion 
With blood being diverted 
to more critical organs 
and climbing muscles, the 
gut’s oxygen supply 
becomes less of a 
priority. Nausea and 
vomiting occur In over 

8O percent of the 
mountain's climbers. 


Racing heart 
As the main organ providing the entire body with 
essential oxygen, it has to work much harder at 
high altitudes. On Everest it may feel like your 
heart is jumping out of your chest even when the 
body is resting. 


Frozen 
extremities 

As temperatures on 
Everest can drop to minus 
30 degrees Celsius during 
the climbing season, 

— climbers’ bodies may 
begin to freeze from the 
outside in. The process of 
frostbite starts at the 
hands, feet and face. 


Muscle waste 

In a combination of metabolic changes 
and dehydration, climbers spending 
long periods at high altitudes often find 
their muscles wasting away as they 
become malnourished. 


Courage 

Well aware of the mountain’s 
high fatality record, Hillary and 
Norgay proceeded, conquering the 
deadly Khumbu Icefall. This is 
regarded as the most dangerous 
part of the mountain, with ice 
constantly falling. 


) Passion 
Both climbers were no 

strangers to mountain exploration, 
and they showed that to achieve 
such a feat, you need to really want 
to do it. Being paired together in 
training, their determination rubbed 
off on each other and carried them 
right to the peak. 


Urgency 

When are you ready to battle 
the elements of Everest? In 1952 
Britain heard of France being given 
permission to attempt the climb, 
and it knew it had to act fast to be 
first. This element of competition 
gave Hillary and Norgay more to 
work for. 


Lessons 

While they were the first to 
succeed, Hillary and Norgay 
weren't the first to try. They were 
able to take note of failing oxygen 
levels, risky areas, timing and 
required equipment to better 
prepare for the task ahead. 


Conditions 
’ Setting their attempt in May 

was a wise decision, as the wind on 
the mountain tends to die down in 
the months of May and September. 
September would not be as safe, as 
fresh snow tends to fall, increasing 
the likelihood of killer avalanches. 


“They had just 15 minutes 
to absorb the experience of 
being at 8,848 metres” 


Announcement 


A message is sent to Queen 
Elizabeth Il as soon as they return 
to base camp. She receives this 
message in June and the world is 
informed the next day. 


The Hillary Step 


Coming across a 12-metre-high rocky step in the 
mountain and without the knowledge of its existence, 
they’re unprepared to navigate it. Hillary wedges 
himself in a crack in the rock and pulls himself up. From 
there he is able to hold a rope for Norgay. 


15 minutes on top of the world 


Only at 15 metres from the summit does 
Hillary truly believe they will make it. 
They spend their short time at the top in 
a state of disbelief and joy. Here they 
take photographs to commemorate it. 


South Summit 


Two-and-a-half hours into the 
climb, Norgay and Hillary 
successfully reach the second 
highest peak on Earth - the 
South Summit. 
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Super-stealth 
scout helicop 


How the S-97 Raider’s skilful 
steering and targeted 
precision flies circles around 
its competitors 


Words by Atlsa Harvey 


-\ / ost helicopters can be heard 
ai approaching overhead as their rotor 
_\~ « blades hum a warning. They often 
cruise over in a flat line, sticking to higher 
paths in the sky. If this were to happen during 
a top-secret military mission, it would make 
the craft an easy target and its cover would be 
instantly blown. To be stealth-capable, each 
aspect of standard helicopter technology 
needs to be fine-tuned, taking tight 
manoeuvrability, sneakily silent flight and 
unerring precision to the extreme. 

The S-97 Raider, manufactured by Sikorsky, 
does just this. Aiming to exceed the abilities 
of other existing helicopters, the S-97 was 
designed to be untouchable. Its steering 
capabilities allow it to dodge, whirl and climb 
the sky at rapid speeds. While these 
manoeuvres are exhilarating just to observe, 
they are also deemed critical in combat for 
the likes of the US army. Confidently following 
close to the ground - adjusting altitude to 
match an obstacle-stricken landscape to near 
perfection - the technology helps to protect 
and support the troops inside while on 
crucial scouting missions. 





Six seated cabin 
Inside the cabin there is space 


Top technical for six crew members. With 


two pilots in the cockpit, a 


manoeuvres maximum of eight people can 


board the aircraft. 


Explore the aircraft’s mission- 
critical aerobatics 








What key features make the 
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Scout and attack helicopters are light 
and agile for battlefield applications 
- aa 
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Fly-by-wire controls 
Equipped with an intelligent 
control system, the pilot’s actions 
will be sent to the flight computer 


to analyse. Each manoeuvre input Retractable landing gear 

is received as an electrical signal The wheels are only visible when on the 

for the computer to convert into ground, during takeoff and when about to 
an action by moving the land. Keeping them inside the main body 
helicopter’s control surfaces. when in flight helps to reduce drag and 
These surfaces can be flaps, slits makes the helicopter more nimble. The 

and elevators that create the wheels retract inwards and the surrounding 


required aerodynamicity for the panels close over, keeping them encased. 
specific move. If a manoeuvre is 


deemed unsafe by the computer 
or if it is overloaded it will detect 
this and stop any unsafe actions. 
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S-97 Raider top of its game? 





PRECISE LEVEL SHARPER TURNING HIGH-SPEED CRUISING 
LOW-SPEED HANDLING ACCELERATION Compared to its competitors, the S-97 Raider can Time can be everything in a mission, and the 
The Raider can perform its sharp turns and tight With the ability to increase power turn around in just half the distance that it would Raider has mechanisms in place to move 
manoeuvres without having to reach high speeds — without changing flying height, the take in other helicopters. This means that if there across battlefields in less time. It shifts 
first. This enables the aircraft to dodge and move helicopter is equipped for speedy was a threat and the aircraft needed to turn power between the propellor and the rotor, 
more freely when closer to the ground. flights when confined to one height. around, it could do so quicker for a faster getaway. reducing exposure time to threats. 
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The S-g97 Raider’s carbon footprint Is 15 per cent less than a conventional helicopter’s 












The two 
sets of 
propellers 
are perfectly 
aligned 





Single engine 

The helicopter is powered 

by one engine, generating 
I speeds of over 400 
kilometres an hour. This is 
double the speed of other 
conventional helicopters. 











Twin rotors 
The aircraft’s two main propellers are 
mounted one above the other. While 
they are on the same axis of rotation, 
they turn in opposite directions. This 
provides more control as it prevents the 
automatic lift often experienced in 
conventional helicopters. 







| Weaponry 

Located behind the cockpit, the 
: Raider holds a range of 

Additional fuel armaments in case they need 





In case of an unexpected extended to be used. These include 
mission, an extra internal fuel tank Hellfire missiles, 7-centimetre if ape) a 
is located on board. rockets, a .5Q-calibre gun and a They Cre deemed critical 


7.62-millimetre gun. This shows In combat for the likes of the 


the specially designed machine 


gun for airborne use. US army W 





TARGETED DIVE LEVEL DECELERATION DOWNWARD HOVER PROPELLER DISENGAGEMENT 
Putting the propeller in reverse Using a similar deceleration method as in the Pointing the nose down, pilots can keep still The pilot has control over when the tail propeller is 
thrust acts against the aircraft’s dive, this simple manoeuvre turns the angle of in this position. They can also do the same on and off. While most helicopters need this 
forward movement. This allows propeller blades, reversing thrust and slowing facing upwards. This becomes useful when running at all times, the Raider can shut it down, 
for a slow and controlled down movement. This helps keep accurate aiming a sensor towards a target in irregular enabling it to limit noise and approach targets 
dive downwards. focus on any targets. terrain such as mountains. without being detected. 
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Cone stacks 

Before laying the cones are stacked up 
tall and lined up in position. Because 
the cone grabber follows the same 


| sl 
one-ilaying ve 
sequence, the cone stacks are lowered 


How these clever machines are taking isd sills ee 
over one of the roles of road workers 


espite most being neon orange in colour, 






























Lift system 
cones are so common on today’s roads THORCORGReleCRGnONes 
that you may pass them by without up and down the mast, 


taking much notice of their presence. Traffic serving as a lift for the 

: ; ; cones. This can transport 
cones are asimple invention but help to safely Benes eitneragdepencine 
redirect cars away from roadworks and warn on whether they are being 


laid or working in reverse to 


drivers of hazards in advance. j 
retrieve them. 


You often see them lining major roads and 
motorways, but how often do you see them being 

oe Road placement 
laid? This job is usually undertaken at night or Thabane ee 
during periods of lighter traffic. During cone path for the cone to 


laying two road workers usually hang out of the follow. These can be 
adjusted to line cones at 





. Cone selector 
~ Ametal spike acts as a 





back of a slow-moving truck, rhythmically ne ener any ae RGIS AaOUS ThOGORe 
taking it in turns to place them down. Timing cones need to be | down from the stack. 
this well means that cones are evenly spaced. collected again the Perfectly fitting into the 

; barriers are opened wide cone’s hollow centre, itis — 
Although done at quieter times, there are usually fo brinathemibackonts need torcnintne inc icect 
still some cars on the roads at the same time, so the truck. ‘ | mupeeee the cone. 


this job can be a laborious and dangerous one. 
As cones are only temporarily placed, this job is 
soon repeated to collect them all back. 

Now highways in the UK are testing robotic 
cone-laying systems. Robotic cone layers are 
capable of carrying out precise, repeated actions 









ee 
Release 

Cones are tilted horizontally and 
_ pushed out onto the road. The 

_ tilting motion allows the selector 
to be released from inside the 
cone ready to pick up the next. 


as the vehicle is driven, with cones being both | 

laid and collected efficiently. Thi Safety siren = — 
aid and collected efficiently. This saves Withvconce being aid 

hundreds of hours of work and allows highway alongside ongoing traffic, a 

workers to continue with other duties. Hashing light at the top of 


the truck draws drivers’ 
attention to its presence. An 
additional siren can help 
warn other road users. 


©| ustration by Adrian Mann 








Manual role 
The only job required 
from humans is driving 
along the road as 
cones shoot out from 
the back. Updated 
autonomous vehicles 
are planned for the 
I future, but for now 
/ manually driven trucks 

are the safest option. 






Foldable equipment 
When travelling between sites 
the cone-distributing system can 
be folded away. This makes it 
more compact when not in use. 





Be 





Traffic cones can be used on motorways 
to block entire lanes 
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Grab yourself three fascinating, factpacked How It Works specials for your 
digital device. Simply type the link below into your browser and download 


‘TNGRE “=DIBLE 
EA Det 


FVERYTHING VOL HEED TC KNOW ABOUT THE WASRLID We LIWE UN 


Incredible 
Earth 


The planet we live on is a remarkable 
place. But have you ever wondered how 
or why these things occur? How the 
Earth was created? How we predict 
the weather? How fossils form? What 
causes earthquakes? Which animals 
glow in the dark? Incredible Earth 
provides answers to all these questions 
and more as it takes you on a thrilling 
journey through everything you need to 
know about the world we live in. 





Claim yours here: https://bit.ly/2KxNZzq 





HOW IT WORKS BOOK OF 


[Xe BOTS 


Dis oOrek Te fy BMADING SUT UATE CGING THE WORLD ¢ 


LEARN ABOUT 


ROOMES  GCOPILD PEPPER 
MEGAROTS TehvERLESS CARS 
HITCHIKOT -Gf-8 0 MORE 


Book of 
Robots 


As machines perform more and more 
functions than we ever imagined, they 
become ever more present in our lives. 
In this book you'll trace the history of 
the first robots, gaze into the future of 
robotics and look at those designed to 
make your house intelligent. Discover 
how robots are helping us find new 
worlds, meet the megabots and learn 
how to make your very own robot using 
a Raspberry Pi kit and some code. 






BE ScENCE BENVIRONMENT ? TECH MTRANSPOOST M HISTORY Wi SPACE 


Book of Amazing 
Cutaways 


Join us on a journey through human 
history and explore how evolution and 


ingenuity shaped our species. From the 


first branches of the Homo family tree 
to the achievements our species are 
capable of today, discover how a smart 
bunch of apes became astronauts. 
Inside you'll learn why fire and tools 
shaped our future and how the most 
complex structure in the known 
universe - the human brain - develops. 








OLUr mon eUAy(clecremicwaelUMelmele(omeelcralevectcvatcmer-DelOMuV sno lleMmals\icrellmnars 
answers. Here we look at the science of the most intriguing 


nswering questions and solving 

puzzles has been the driving force 

behind astronomy for thousands of 
years, even if it often seems that for every 
mystery solved, anew one springs up. Today 
astronomers like to think they have a fairly 
good understanding of the way our universe 
works, including processes from the life cycle 
of stars to the evolution of galaxies, and it’s 
certainly true that we know a lot more than 
we did acentury ago. But there are still plenty 
of loose ends, and new ones are emerging all 
the time. 

Some of these mysteries are discoveries 

that may seem at first to break our already 
established rules. Of course, we can’t be sure 
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until these particular enigmas are resolved, 
but often finding solutions to puzzles like this 
is just a matter of time; once a strange 
mystery object such as the ‘impossible star’ 
SDSS J102915+172927 or the rectangular 
eV ecb gig At DYLWey/Aotelom ce bepelelenelacromcenael 
world, scientists can turn their collective 
efforts and a huge array of observational 
techniques to learning more about it and 
understanding why it defies convention. 
Others require a little more patience - for 
instance, new images of Uranus’ satellite 
Miranda would certainly reveal more about 
its turbulent history, but we’re sadly unlikely 
to be sending another probethatwayany- * 
time soon. The long-standing mysteries of the 


Sun’s corona have had to await the 
development of new techniques for studying _ 
it and new spacecraft, and the ins and outs of | 
‘dark matter’, which permeates the entire 
cosmos, still remain frustratingly elusive. 

Perhaps the most exciting mysteries of all 
are those that come completely out of the 
blue, such as dark energy accelerating the 
expansion of the universe. Three decades ago 
astronomers didn’t even know there was a 
puzzle to be solved, yet now dark energy is 
one of the hottest topics in the field. It’s 
discoveries like this that will doubtless be 
discovered in the future that help drive 
forward our understanding of not just space, 
but also our place within it. 
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DID YOU KNOW? NASA's GRAIL satellite explained variations in the Moon's gravity via mapping, caused by asteroid impacts 


Most of the universe is missing 


Astronomers have been getting to grips 
with a mystery that has undermined a lot of 
what we previously thought we knew about 
the cosmos. We once thought the universe 
was dominated by two substances: normal, 
or ‘baryonic’, matter - matter that interacts 
with light and other forms of radiation - 
and invisible ‘dark’ matter that is 
transparent to light and only makes its 
presence felt through gravity. 

But in the late 1990s cosmologists found 
an unexpected twist: the expansion of the 
universe, which should be slowing down 
due to the gravitational drag of the matter 
within it, is speeding up. The evidence for 
this comes from distant supernovae 


would expect if we relied on previous 
models of cosmic expansion. 

The phenomenon responsible is called 
‘dark energy’ and seems to account fora 
staggering 70 per cent of the universe. 

\\Ko) oforehim orto ices clad himnver-imet- Deca ela eae te 
but perhaps the most intriguing - and even 
alarming - aspect to the discovery is that it 
seems to be increasing. Until around 7.5 
billion years ago, expansion was slowing; 
then the strength of dark energy overcame 
gravity and the expansion picked up again. 
If the growth of dark energy continues, 
some predict that the universe might end in 
a ‘Big Rip’ many billions of years from now 
when dark energy becomes so powerful that 





explosions in galaxies billions of light years 
from Earth, which appear fainter than we 


Dark energy is pulling the universe 
apart in unexpected ways, but will 
its influence continue to grow?» 


Centres of mass 

Normal and dark matter tend to 
concentrate in and around 
galaxies, holding them together | 
despite cosmic expansion. 2, SoU _ 





galaxies, stars and even individual 
particles of matter are torn apart. 


Energy field 

Dark energy seems to be a force 
field of some sort that extends 
across the universe, driving the 
expansion of space-time. 


| Space-time 
The four dimensions of space 
and time can be represented 
as a sheet that can be 
distorted by concentrations 
ae Of Mass and gravity. 





2 The origin of cosmic rays 


Cosmic rays are high-speed, high-energy particles 
from space which we usually detect via the less 
energetic particles they produce as they enter Earth’s 
upper atmosphere. Astronomers divide them into 
T=\V(=) w-] Mod fe kosoyesome (=) ol=valelialeme)amaat=)/ ae) el-\cle male meals) ache 
and most seem to originate from distant supernovae. 
Perhaps the most troublesome, however, are the 
ultra-high-energy rays - tiny subatomic particles that 
can carry the same amount of energy as a baseball 
travelling at 100 kilometres per hour. 

For some years the likeliest origin for ultra-high- 
energy particles seemed to be gamma-ray bursts 
(O71 5155) m=) 00) @anreleicmo)t-l-juome)m=lal-laehvmlialcoemeemeh late 
its ecomolmmanl=laeliareme)t-(or @ale) (tem eleime-jaelel(=s-MUliiale mm aal= 
or=1 OU] of=M (10) ug (ale @] ol-{-)a's-1 40) a am ms oy-] au (0g (=e(=) Kalen Ke) g 
ole a (sem olelalzrslHa WAU alt=] gerd (or- Mamie] i(s\em com ilalemaal=m ol acre (orncte 
aL=1UL aa lalem er-|au(o(=t-maat-1amy ole] (em ol=m lial. c-emuomaalmelatel lam 
So if GRBs aren’t the source of the highest energy 
rays, what is? Astronomers are revisiting the idea that 
id at=\"ar-l acm ce) gentsvem eo) mal-1 ae) es) m ey-| ad (oi(=W-[exer-) (=) e-] 40) a 
around supermassive black holes in the heart of 
distant active galaxies. 
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Sroyllteliaven ol evel 
holes can’t create laltelatr-varslae hi cosmic. 
rays, astronomers need to find | 
‘something even more powerful...’ 





3 Impossible stars 


In 2011 scientists at the European 
Southern Observatory made a strange 
discovery in the form of SDSS 
J102915+172927, or Caffau’s Star - a star 
molec lal iva mo lOlOM fell mayc=t-le-Mineliimt-lademie 
the constellation of Leo. This star has 
about four-fifths the mass of our Sun and 
is composed almost entirely of hydrogen 
lalemalc\((elaammaar-mancom((elaicst-jmm=)()enl-lelecmlal 
the universe. Together they make up 
around 99.99993 per cent of its entire 
oxo) an] elescyia(e)aMm’\iidamal=t-)\'4(=) m=) (2) 0012) 01 ei 
known as metals - almost entirely absent. 
Such a pure lightweight star must have 
ike) anal=\emanvela=maat-l am ecm ollil(elam’.-t-]e-m-lele) 
from the raw cosmic materials remaining 
after the Big Bang, but the problem is 
id ars) mr-(exore) ell alemcem-(oxer-) olc=\em anvole(=) (me) moje] s 
ico) gaareidcelamimejacelel (em at=\\/-) mm at-\V(omel=\-)a mele eam 
Tame) e(=) ai koe) golelUlox-M=)alelelelamele-\Viiavane) 
collapse and form a star, astronomers 
think that a protostellar cloud needs to 
ate hem oy dal) mrs Bcilelaliaerslala@r-leecelelaim@meyi 
heavier metals or a larger overall mass 
- small, low-density stars like this one 
simply shouldn’t exist. 


4 Miranda mystery 


When Voyager 2 flew past Uranus in 1986, 
its close-up views of the planet’s inner 
satellite Miranda surprised everyone. This 
small moon shows a huge variety of 
different surface features that seem to 
break the rule that smaller worlds don’t 

J aYe)"Ymre (=xe) (ole | (or-] Wr-lead VIA AMA d ge) alelant=) a 
Torolamalcordar-lenlsemimun(=M oe-lalcaecicelin 
moon’ since it looks like it has been 
broken up and reassembled, perhaps in 
some ancient interplanetary impact. But 
there’s a problem with this theory: 
Miranda orbits so close to Uranus that if it 
ntelelo)ge).(-)a me) omeoxo)anle)(inz) hVAmimocelel(e mater: 
have pulled itself together again. Instead 
some scientists now think it was pulled 
around and reshaped by extreme tides. 





Miranda’s patchwork appearance is 
reWA(e(=valexsMe) mca d0 |g e)0|(=)almm oy-s-)um ol0 | mel (e| 
it really break apart and reform? 
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Nicknamed the ‘Emerald-cut Galaxy’, tf 
a DyAWOV/ Cerclomicw- Ml eel a-ecits] aeelele, 
that appears to be rectangular 








5 Rectangular galaxies 


The laws of orbital mechanics mean that stars always follow elliptical orbits 
under the influence of gravity, so in large groups they form either flattened 
disc-like spirals or ball-shaped ellipticals. The sharp corners of a rectangle 
should be impossible, but nevertheless astronomers have found several 
galaxies with apparently rectangular features. For example, LEDA 074886 in 
the constellation of Eridanus is a compact, rectangular galaxy embedded ina 
nearby galaxy cluster. The big question is whether its shape is a long-lived 
structure or brief coincidence - astronomers who have studied it with the giant 
Japanese Subaru telescope think the latter is more likely and that a collision 
and merger between two galaxies could have scattered the outlying stars into 
their current box-like distribution, triggering a wave of star formation at the 
new centre. 


/ The Sun's corona shouldn't 
he hotter than its surface 


The Sun’s visible surface is one of its coolest 
regions, with an average temperature of 
around 5,500 degrees Celsius. While it’s no 
surprise that temperatures towards the core 
g-mcoer-[aelel ave mm bom aaliil(elame(=ye] q=\-t-m Ox) JU Kem ala 
fact that the Sun’s thin outer atmosphere, the | 
oxo) mol alc Pe) aThVAa'dl-J19) (Mage) at-lademelllalalem-lal 
eclipse, rapidly soars to around 2 million 

ra [=Yo] q=\=t-9m Of=) J (UM Maa lel eam oleyaaliare Mm Malcmalere(= 
rise in temperature takes place across a 
mie-laciecelamazvel(elalmr-leleleimmnOlOM dilelen(-luq-t-maal (ole 
and solar physicists still aren’t sure what 

rola hY(=t-¥u Le a=W (=t-Lel lave mexe)aia=yale(=) g-M-] a=) aleler « 
caused by sound waves rippling across the 
surface and ‘nanoflares’ - bursts of energy 
released by changes to the Sun’s magnetic 
a2) (e Pa lnateleliate mucvevalale)eleh"mer-laa(s\eM-]eley-]ae| Outer corona 
NASA’s Solar Dynamics Observatory mission is The Sun's outer 
ale}iolialem xem aat-] om eleldameymdat=s-1-m olal-lelelnntciaremia 
Tayo) cexorzle(=)aik=\eme(=1e-1| Mr] ave maat-\\mcvele)am eo) me)vile(= 
some definitive answers to this enigma. The 
Parker Solar Probe launched in 2018 will also 
Cole) qa com [al-j el=\or mm ua(=Moxe) ge) at-B 





atmosphere extends for 
millions of kilometres 
into space, reaching 
temperatures of roughly 
2 million degrees Celsius. 
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Floating inthe 
midst of the AB ~ 


» Doradus cluster, 
iaalism coke [U(=mre)a (one 
gives astronomers 
a rare look at 
aplanet farfrom 


any stars 








Solar interior 
The Sun’s interior 
consists of increasingly 
hot layers referred to as 
the convective zone, 
radiative zone and core. 








Visible surface 


The thin opaque layers 
known as the photosphere 
and chromosphere have 
temperatures of ‘just’ a few 
thousand degrees Celsius. 
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DID YOU KNOW? The SWIFT satellite traced bursts of radiation to collisions of black holes and neutron stars 





Distant quasar 

- Rays of light leave a distant but 
bright galaxy such as a quasar 
and spread out in all directions. 





The quest to 
find dark matter 


Since the 1930s astronomers have understood that there’s 
a lot more to the universe than just the material we can 
Dark matter at work : : ; 
TARCOREE RAT onGrdare see. Normal - or baryonic - matter can’t help but interact 
matter around an intervening with light and other forms of electromagnetic radiation 
galaxy warps space-time and - stars emit visible light, hot gas emits X-rays and even 
| deflects diverging light rays. ee : : : 
| the coldest material in the universe emits radio waves 
and infrared, and clouds made up of this type of matter 
also absorb radiation that passes through them. But 
there’s another class of matter that ignores light 














Mapping technique completely - so-called ‘dark matter’ that is not just dark 
| The shape and brightness of the butemticoliet ttoallt f radiati It 93 

hen sachimacesallowimetrancners ut entirely transparent to all types of radiation. It gives 

to map the dark matter in and itself away only through its gravitational influence on 
Brought Recor ne ea ee aia.) visible objects around it - for example, affecting the 
together \ orbits of stars within galaxies and galaxies within 
The previously tate 
aivereingliaatraye | galaxy clusters. More recently astronomers have also 
passing either side ‘ developed techniques to map the distribution of dark 
of the galaxy now | matter through ‘gravitational lensing’ - the way in which 
converge on their : 
MeVOESnth. large concentrations of matter deflect the passage of 

= nearby light waves. 


Evidence suggests that dark matter outweighs visible 





“4 ‘ 
matter by roughly six to one. But what is it made of? 

2 Lensed galaxy ‘ Astronomers used to think that ‘massive compact halo 
rae pleated si aa objects’, or MACHOs - normal matter in forms too dark 
mages OF ne backorournd a | \ and faint to detect, such as lone planets and black holes 
quasar on either side. en | - might make a contribution, but as our telescopes have 

| , | - improved, it’s become clear that these objects don’t exist 
—- .~ : in sufficient quantities. Instead cosmologists now 
is iat il sate tice aA | yi believe dark matter consists largely of ‘weakly 
more likely they’ll discover its true nature j interacting massive particles’, or WIMPs - exotic 
via particle experiments closer to home subatomic particles that don’t interact with radiation or 


normal matter, but possess considerable mass. But what 
exactly WIMPs are is still to be worked out. 








, q | - Gamma-ray aa 
nprediciabie pulsars emissions iy 
: , | ’ 1 i 
Pulsars are supposed to be the most Tj Meo) ale)anl=)e-mel yere\=) a-\em-Melalie(ec= ba , — 
reliable timekeepers in the universe. pulsar known as PSR BO943+10. This X-ray emissions —e 1 
These collapsed neutron stars - the pulsar emits beams alternately at | e.g te = 
super-dense cores of once-massive rele] (om-]ale Mm. Cre-him "ec \Y(2)(=)alelaal-wmoser-lacellace) ’ ven | _ 
stars that long ago went supernova - from one type of radiation to the other Milky Way S 
channel intense beams of radiation in just a few seconds. Sun oe} 
Telkom) oy-(er-m-l(elalemaatclimele\uVciaiel It could be that this behaviour is Fermi bubbles may have a?) 
magnetic fields, creating a ‘cosmic linked to the ‘starquakes’ on the formed in our galaxy ; me 
lighthouse’ that appears to switch on neutron star’s surface, which aay lieyatsMeym{-t<] ecirclele co 
lalemelamaat-la\vandlanss-mer- (ein oyerece)alemige)an| astronomers believe can also cause 
rol Ulam oxeyinlmey mi (=\\"melam ot-| ada Pm\Y (es glitches when a pulsar’s period = 
pulsars emit either X-rays or radio rod ateJare(=t-¥ec) ele(s\e Mme) ami mexelUl (eM ol-Maar-li HEVBTATTE hubhies 
waves - or both - but in early 2013 Toyaareadalialemoiueslare (=m mele)iale molar 
PSR BO943+410 is a rare Two bubbles of superhot gas extend above and below our 
pulsar that alternates Milky Way. Found in 2010 via the Fermi Gamma-ray Space 
between beaming out Telescope, the ‘Fermi bubbles’ are some of the largest 
radio waves and X-rays structures in our part of the universe, but how did they 


ico) gnnam Mal=m ello) eo) (=. nl-)\(- mats] a emelei n=) male le(-\-w-lalem-la=male) (ony 
foam aa remlascy(e(=Mmcjelele(=t-julalemual=\\ar-|a=M-)4ey-lalellaremaneloem-lamelacelin 
in a single event, perhaps millions of years ago. One theory 
is that they are the remnants of shock waves generated 

7 aTe1am Malo Mors plac =Mojmele|amet-|t-pQvmu(clnlManlaelecelam-Mnllce(-Mollla-imeyi 
star formation followed by a wave of supernovae. The other 
is that they were ejected during activity from our galaxy’s 
ake) a natclinvaete)anat-lalmmexs)alde-] Bole) ol-) aq nat-l-s-)hY(2m eo) tle, @ale) (=e 





© NASA; SPL; ESO; ESA; AWM Graham 
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Ghtvaccveldniailey-inbol-pheW-Bs.ttscjl-beKe (ole \-ce bist 
massive mobile platform for launching 
satellites — but how does it work? 


he Odyssey sea launch platform isa 

satellite launch complex that was 

situated in the Pacific Ocean, before 
ol=rbeeeMoyceleedeimuctcometore em imet-tmaedast= 
segments: the Rocket segment, the Marine 
segment and the Home Port segment. 

On land, the Home Port segment provides 
a facility for preparing and fuelling the 
satellite payload. It also serves as a base to 
jo) Conta Cel=mcpulejeleyamconmal-mietsPabitemmeysryeleyelsyalecy 
of the complex. 

Out at sea the complex has two vessels. 
The first is a ship known as the Sea Launch 
Commander - a mobile rocket-assembly 
unit where satellites are loaded onto the 
ets De al) ecole Colm Delemmesbeljelevarcomconael 
launch platform. 

The platform itself is a converted North 
Sea drilling rig. It is self-propelled and 
semi-submersible, allowing the position, 
angle and stability of the platform to be 
carefully calibrated for each individual 
satellite launch. 

Satellites are sent into space using a 
Zenit-3SL rocket, under the guidance of an 
automated ground control system. The 
platform is evacuated for the launch, which 
can either be controlled using the Sea 
Launch Commander ship - which retreats to 
a safe distance of five kilometres — or from 
Lew oleyeitepeleyam 

The launch platform was anchored at the 
equator, where the rotational speed of Earth 
is at its greatest. This provides an extra 
boost to the launch vehicle and enables 
rockets to be sent to a geostationary orbit 
without having to correct for launch 
latitude. In contrast, the same rocket taking 
off from Cape Canaveral Air Force Base in 
Florida at 28.5 degrees north would have to 
weigh significantly less to reach 
geostationary orbit. 

The remote ocean location of the Odyssey 
platform also minimises any interference 
from overhead air traffic and provides 
additional safety over facilities that are 
nearer to populated areas on land. 
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“The launch platform was anchored 
gt the equator, where the rotational 
speed of Earth is at its greatest” 








On board the. 
Odyssey platform 


im KOYsae (0l=tomn dal icMmelerst~] abe (e)i elem tolUlareamercle b 
stay steady when a rocket takes off? 




























Converted oil rig 
At 67 metres wide and 133 metres 
long, the platform is one of the 


largest semi-submersible 
self-propelled vessels on the planet. 





Ballast pumps 
Pumps within the pontoons 
enable the platform to 
partially submerge, stabilising 
the vessel before a launch. 


Zenit-3SL up close 


Satellites are launched from the platform 
on single-use Zenit-3SL carrier rockets. 
The custom-designed rockets are 
powered by a liquid-oxygen/kerosene 
Valet latsw-lalems|qome(st-j(e] ayevem come (ool | e-] a=) hy 
carry the satellite payload toa 
rer=voschVialoval ge) arelet-melae)imr-|qelelalem =t-] aca h 

OTatex=Miamaal=mr-lelalenmele-jidcelam-laremaeliny 
fuelled, a three-day automated 
countdown is started and all personnel 
are evacuated from the platform. To date 
36 rockets have launched; three of these 
failed, and a further rocket placed its 
oye NAKoysLe Mi amanl=M i ae)aleme)golim 

Taw Ol OY Ar- Wm irola=)ielame)e) (corm lamant-m=lalel lacs 
ro) me) al=M goles (-lmelllalalem(-lelalenm (lem nomagl= 
Valdig=m el r-lmcelennmel=liarem=vareelicscem iam) 
massive fireball. The automated 
countdown ensured that there were no 
casualties, but the failure caused 
extensive damage to the Odyssey that 
Kolo) @anlelalanl-m cee a=) oy-] [a 
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The Land Launch platform in Russig uses the same Zenit technology to take smaller payloads into orbit 






































Rocket hangar 
During transit the launch 
vehicle is contained in an 
environmentally 
controlled hangar bay. 


| Location 

| The platform is anchored 
on the equator in the 
Pacific Ocean to gain a 

| boost during takeoff. 





Launch pad : 


The launch angle is held steady by 
a positioning system which uses 
thrusters to keep the vessel level. 


Pontoon 

The Odyssey moves 
through the water like a 
catamaran using two 
submarine-sized pontoons, 
submerged in this image. 











© Corbis; ESA; NASA; Sea Launch 
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Could these tiny internal mini-computers be 
id alsmelsaTVmeaelalalcyanbemee)ertslealasisplelsvalubelersialeyerg 





WiVKo)elsmonva lee) am PIT aa (=) (ce — : 
Copper antenna coil 
OW comfortable would you feel A coil of copper transmits radio 
about walking around withan Signals to the external reader. 
implanted chip encrypted 


with your personal information? 
e-VobCopsaccrepCsveCat@letcstatitectacnel 
(RFID) is not a recent technological 
revelation, with the technology 
developed back in the 1970s. They're 
most widely used today as the chips 
implanted beneath the skin of our 
household pets, placed as tags to 
track products or used in security 
passcards. However, in recent years 
there has been a growing trend 
making its way beneath the skin of 
human hands. 

RFID technology has allowed for 
the development of implantable 
near-field communication (NFC) 
chips in humans. Within the 
implantable capsule, each around 
the same size as a grain of rice, a tiny 
microchip stores data, waiting to be 
deciphered by an external reader. 
When scanned by the reader the 
internal chip sends radio waves back 
to the reader, which is then 
translated into meaningful data. 
This data can come in the form of 
security permissions to RFID-locked 
doors and contactless payments, and 
has even been suggested for use in 
Alzheimer’s patients to source 
medical information. 

But how close are we to using this 
technology in our everyday lives? 
Well, it’s closer than you might think. 
Back in 2017 a tech company called 
Three Square Market in the US 
became the first to offer microchips to 
its staff as a way to replace the 
commonly used security cards. 50 
workers reportedly underwent the 
procedure, allowing them not only to 
open doors but also access computers 
and even purchase food and drinks. 









Dr Mark Gasson had his RFID chip 
implanted back in 2009, before 
hacking it with a computer virus 


Source: Wiki/Paul Hughes 
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identity chips 





Inside the 
RFID chip 


How does this tiny device send 
aaletssst-(e(stom ual qelele]amvcoll| as).<lare 







Near-field 

for o)aalaalelalcorcha cela 

| Benes 

4 become a way for 
1s] Co) atcLei,¢=) acm ne) 
lats\Vcemre ls ed(e) Cele] (ors ]1hV7 
built-in ID card 


chip is gently injected just 
beneath the skin on the hand, 
where it will safely sit. 


Digital virus 

OM arsmalelantclamececena tomas olror-lIN Me) mare (El| eo) elare 
to tackle infection by various viruses 
datelal eommomolelmroxe)anle)(=>@lanlanlela=mop'e-182) 00 B 
However, by embedding technology such 
as RFID chips beneath the skin, could we 
be inadvertently inviting the possibility of 
Tale mallem qialemeymvalaelMminic=veadiare Molelamelerel(=-ram ian 
id at=W-le)i(Avanmomarel(emeyalhima’ (om di (ole) an=s-Me) m-fome)mel-le- Mm dn(=)c-oM alelt 
much room to store antivirus or protection software to stop 
hackers from stealing the chips’ entrusted information. Simply 
ite Talellave meg (es-y-mnom-lamlanle)r-laiesemar-lalemy i anm- Mm a=t-(e(2) morell|(emere) | (=rert 
data, unbeknownst to the owner, a fear also expressed in recent 
years about contactless card payments. However, back in 2010 a 
researcher at the University of Reading purposely hacked his 

Teale) relave=Xem sal | Desai om com nvelel-y-¥-m 0) (=\er- Me) mant-liN\c-ln-PmnireLdlaremalinamant= 
first human to be infected with a computer virus. Although of 
course this virus bore no effect on his biological health, the virus 
could be passed onto the external readers. 


www.howitworksdaily.com 














DID YOU KNOW? About 3,000 people in Sweden have inserted o microchip into their hand 
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| Capsule L 
The internal mechanics of these | 
chips are held in a silicate glass, 
which is a biocompatible | MAN UALS 


material, beneath the skin. FROM HAYNES 


Microchip | 
This silicon chip is where data 
is processed. 
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RRP £25.00 






Tuning capacitor 
This tiny capacitor sets the 
frequency of the radio 
waves emitted by the RFID 
chip to the reader. 
























Project Cyborg 


BF) Ciave Mada | Pm xsvornlacelroyehvar-lalem-|e)e)hilave Mi mmne) 
y =a ’ human modification became reality in 
| Data exchange We 1998 when British engineer Professor 
Once activated by the reader’s ¥ | Kevin Warwick and his team at the 
electromagnetic field, the x | University of Reading created the first 
wy | implant sends radio waves back ‘cyborg’. Using himself as the first test 
“@ to the reader, which is | subject to receive an RFID implant, 
interpreted as meaningful data. , ‘Project Cyborg’ saw Warwick undergo a 
— surgery whereby a silicon transponder 
was placed in his forearm. The newly 
Taal *)relaneevemerallomsli(e)i (stem Uela fe @comr-11\¢ 
the halls of the cybernetics department 
and access doors with ease using the 
WTalte[Ul=mcJ(elar-lMela= Me) md atemoy(elar-|m=)eeliaesvem o)\Z 
the chip beneath his skin. Taking the 
Tan) *)tclalusxe mm x=Xer place) (ele hVmela(=M-Ju=)oMmilladal=) emia 
VAOTLOMANE Tanti ter qelare(-ali-lalmr-Bolelae(*)amuntls 
Taal *)rclaiecve mrs ROL ORy=)(=loqugele(-M-lae-\/MlAmaal= 
nerves of his arm, allowing Warwick to 
control a wheelchair and an artificial 
hand. Warwick’s controversial 
experiments paved the way to 
WTaterelscie-laceliale mare i amaaremalelaatclamereren 
aetoJ ole) are lommom (an) e)r-lainsvem x=vor place) (oleh iar] alem | a) 
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Power 

There are several ways RFID 
technology is powered. Some 
implants use body heat and 
others use energy harvested from 
the electromagnetic field of the 
external reader. 


© Satiarclaselen 
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(ond 02) a nade com=>.40l>)alaalclalacmelamaliaatsye)ii 














| 9 TECHNOLOGY 


Bomb-disposal Sul 


How this armour protects 
the technicians who 
disarm explosives 


omb-disposal suits are a form of 

specialised heavy body armour used by 

weapons specialists when diffusing 
explosive devices. They are used primarily by 
the military, but also see action in police forces. 
Their main role, unsurprisingly, is to protect the 
wearer should the bomb unexpectedly detonate. 

The suits are designed to mitigate the effects of 
intense heat, pressure and fragmentation - the 
debris from a bomb that flies off at high speed. 
This protection is achieved by combining several 
high-strength but low-weight materials such as 
Kevlar, Nomex, foams anda range of plastic 
composites, each layered and mixed to provide 
an all-round barrier to the effects of a blast. 

As well as shielding the wearer, these 
Advanced Bomb Suits (ABS) are also responsible 
for keeping them connected to their team and as 
comfortable as possible. These factors are critical 
when out in the field, as often conditions can be 
extreme -such asin hot climates -and bomb 
disarmament isavery stressful operation. 
Built-in communication and ventilation systems 
ensure the technician stays informed and cool 
under pressure respectively. 

Over the past decade or so bomb-disposal 
suits have been in increasingly high demand, 
primarily due to the conflicts in Iraq, Syria and 
Afghanistan. This said, remotely controlled 
robots are now being used more and more to 
help avoid human casualties. 


The history of 
disarming bombs 


The earliest references to bomb disposal 
stem from World War Il in England. Nazi 
Tey anatelaWmarclemelale(ciae-] (lame M rel aet= 
oXelanleyiacemerslanl*y-lielamelerslisimlale-|lamerslarenre 
number of the devices that were 

Tal Cerebylem Pelavecctem oleimmr-li(=\emmeme(=\ ne) at-1 come 
caused a spiked increase in civilian 
deaths, with unexploded bombs 
Tored(e(=vaim-lihvmelslintemuale(e(clasemelllalale| 
peoples’ day-to-day lives. 

This led the British government to 
ol=veliamueclialiare mse) (elainz\=) mm eat=lon) ole) e-me) mm aal=) 
role] 0) (Com iam ole)anlobre| (=) oles-y-] mazvoralal(e[O(=s- emu iiiaa| 
groups tasked with clearing sites laden 
ii damelera(zvemr-lalemelale(=ice)ar-] k=l Mmi(-t-] ole) ate 
UT al i cem ole) anlebrel ij eley-t-] Mel ali ecm kelet-\ AM an at-y> 
roa MYA I rel ame) a= alee) molezvoaahY-Meosloldalialem-lare| 
had only very basic tools, having to make 
do with spades, axes and wire cutters. 
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Anatom 
of the ABS 


The materials and tools of the Advanced 
Bomb Suit explained from head to toe 






























Raised collar 
As an explosion can 
cause differential 





acceleration between | , Helmet 
the head and torso, The ABS’ helmet is made from 
lightweight but high- 


each ABS is equipped 
with an articulated 
spine protector and 
supportive neck collar. 


strength fibre and weighs only 
3.6 kilograms. The visor is 
constructed from laminated 
acrylic and polycarbonate. 


Comms system 

The helmet is also equipped with a 
MIL-SPEC communications 
system, consisting of a 
microphone and set of 
speakers. It is powered 

by an internal battery 

pack that can last for 
about five hours. 


Ballistic panels 
Composite ballistic 
panels are fitted to the 
outside of the suit in 
order to prevent bomb 
fragments entering 


Cooling system 
Due to the multiple thick 


layers, a Nomex body suit at high speeds. 
with a woven capillary tube 

network is worn next to the 

Skin. This is connected to a 

two-litre water reservoir Lung 
that pumps ice-cold water overpressure 
around the ABS. deflector 


‘ ies, 


Special rigid ballistic 
panels are placed over 
the chest. These 
offset panels are 
designed to absorb 
the high pressure 
generated on 
detonation, 
countering lung 
compression. 


Materials ————______» 
The suit is made from a 
mix of flame-retardant 
Nomex and Kevlar layers. 
These specialise 

in protecting the wearer 
from the intense heat 
generated in a blast. 
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Why are beavers’ 
teeth orange? 


Janice Myers 
- Thesame reason that blood is red and rust is brown: iron. Humans and 


many other animals make their teeth out of an enamel material that 
contains magnesium, which looks whitish. Beavers have iron in their 
enamel instead, which gives it more ofa red colour. Iron makes beavers’ 
teeth stronger, which is why they can use them like a power tool. It also 
protects them better against tooth decay from acid released by bacteria. AE 


Beavers have red teeth 
because they contain iron, 
which makes them stronger 
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The Sun is 
constantly losing 
mass to space - 
olU im ale)@=)arelele|amne) 
affect its gravity 





If the Sun is constantly losing 
mass, will the outer planets 
eventually fly off into space? 


Olivia Stevens 
It’s true that the Sun is losing mass, both directly through the solar wind and indirectly 
through the conversion of mass into radiated energy via nuclear fusion. It’s also true that the 
only thing holding the planets in their orbits is the pull of the Sun’s gravity, which gets weaker 
as it loses mass. But the loss rate is so small in relation to the Sun’s total mass that it can be 
ignored in practice. Ina million years the orbit of Neptune - the outermost and least tightly 
bound planet - will only have increased by about 40 metres. AM 








Why are 
there so 
many 

species 
of fungi 
that are 
poisonous © 
to humans? 


Amir Lopez 
Mushrooms don't just have 
itin fofhumans — they're 
poisonous to many animals. 
It’s likely so they avoid getting 
eaten before they canrelease 
spores that will form the next 
exeveleveclelevemeymarcalcae as animals 
have evolved tostay clear of . 
this deadly meal. AE 
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Do bigger brains 
among humans 

mean more 
intelligence? 


Jay Russell 

™ Brain size isn’t a good predictor of 
intelligence, which depends on how effectively 
information is passed around inside the brain. 
This depends on many other factors besides 
actual physical size. AM 
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Why do Britons drive 





on the left 


Hannah Elliot 

Way back before cars were invented in 
Britain, roads were used for horses and 
carriages. Ifit became necessary for you to have 
a sword fight on the road - say, with a rival 
knight - you'd have to draw your sword. Because 
most people are right-handed, it made more 


How many galaxies 
are in the universe? 


Kelly Valdez 

It’s impossible to count them all, but what 
astronomers can do is count the number of galaxies 
in arelatively small volume of space and then 
extrapolate this to the volume of the entire 
observable universe. This gives a total figure of 
between 200 billion and 2 trillion galaxies. AM 
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side? 


sense to ride on the left side of the road so you 
could fight with your right hand. 

Today British people still drive on the left, and 
about 35 per cent of other countries around the 
world do too —- but they are mostly former British 
colonies. Meanwhile, the rest of the world drives 
on the right. MS 








©Getty 





Why does the 
soap tray of a 
washing machine 
smell like eggs? 


Douglas Rogers 

If the smell is just coming from the soap tray, 
that means it probably needs a good clean 
because something’s living init! Bacteria and 
fungi like mould enjoy dampness, and any 
leftover washing powders and liquids give them 
something to eat. Some of these bacteria release 
hydrogen sulphide, which can cause a nasty 
eggy smell. AE 








7 tpl — ™ +53 = ee ee =a) 
Gas pipelines, such as this one, are also sometimes 
seen above ground 


Why do you see 
pipes running 
above the ground 
In Russia? 


Liam Bouchard 

Oil pipelines are often built above ground in 
areas of permafrost - permanently frozen 
ground — not just in Russia but in places like 
Alaska and Canada too. The problem isn’t that 
the pipes would freeze, because they’re heated 
to 60 degrees Celsius to keep the oil flowing. But 
ifsucha hot pipe was buried in permafrost, it 
could melt the ice and cause the ground to 
collapse, possibly breaking the pipe. AM 
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can't we 
remember 
everything, 
like a 
computer — 
drive? 


Carl Bennett 

® Our brain memory isn’t much 
better than an 8GB USB storage device, 
but every day we consume around 
34GB of data. We can't ‘expand’ our 
memory the way a computer can with 


cloud storage or bigger hard drives, so 
some of it has to be let go. MS 
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What Is a 
Humvee? 


Debra Bell 

The High-Mobility 
Multipurpose Wheeled 
Vehicle, or HMMWYV, was 
developed by the US 
Military as its frontline 
tactical vehicle. Over time 
some of these vehicles 
have also been bought by 
private owners. MS 


+ 






What’s the 
smallest 
transistor size 
possible? 


Patricia Morgan 

The answer to this question is always 
shrinking. Scientists and engineers love 
limits, because they can push past them! 
Transistors are extremely small, inthe scale 
of nanometres. The full stop at the end of this 
sentence is around 300,000 nanometres 
across. Today’s smallest transistors have parts 
as small as seven nanometres. Overall they're 
about 54 nanometres high and wide. In 2016 
people said transistors with five-nanometre 
parts would be the smallest possible. At that 
size, strange physics effects stop them 
working properly. Since then Samsung and 
another company have said they will make 
transistors with three-nanometre parts. AE 















seven nanometres, but that will shrink further 
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Owners’ 
Workshop 
Manual 


It’s back: a 50th- 
anniversary reprint 
with all-new content 


™ Author: David Baker 

Publisher: Haynes 

™ Price: £22.99 (approx. $28.40) 
™ Release: Out now 


ou couldn't really find a more qualified 
V reson to write this Haynes manual: 

author David Baker isn’t just any old 
physicist and engineer; he was actually there in 
NASA’s mission control room in 1970, working on 
getting the crew of Apollo 13 safely back to Earth. 
He’s also an award-winning journalist who’s 
written well over 100 books on all facets of space 
science and exploration. Since the first edition of 
this manual he’s clocked up another award from 
the American Astronomical Society at NASA's 
Marshall Space Flight Center. It looks like the 
original 2013 edition is all sold out too, so even if 
it wasn’t Apollo 13’s 50th anniversary, this 
manual is well overdue a reprint. 

For Haynes Manual newbies, this isas mucha 
history book as an actual ‘owners’ manual’. For 
sure it’s festooned with technical sketches, but 
for every trajectory, circuit board diagram or 
component blueprint there’s at least one 
dramatic photo from inside NASA's Kennedy 
Space Center or the spacecraft itself, staring into 
space. Similarly, Baker has packed his text with 
an appreciable amount of hard stats. Do you 
want to know the exact composition of the 
aluminium foil-coated Kapton film that covered 
Apollo 13’s ablative heat shield? Are you itching to 
find out the precise timing of the drogue 
parachute deployment during descent? Don’t 
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This Is gs mucha 
history book as an 


gctual ‘owners: 
manual’ 





worry - this manual has got you covered. But 
none of this technical detail is taken out ofa 
broader historical context, in which Baker 
describes each day of the second most famous 
and the most dramatic space mission ever. 

You're not going to find anything like this 
manual anywhere else: it compiles dozens of 
public domain but hard-to-find images and 
diagrams with Baker's expertise and unique 
insight into the mission, which is perhaps why 
the out-of-print first editions have been 
changing hands for several times the original 
RRP online. All of that makes this celebratory 
50th-anniversary edition of the Apollo 13 mission 
— with bonus content - really a must-have for 
both collectors and space enthusiasts. We don’t 
expect this to hang around in stock for long, so 
get it while you still can! 


Kank 





i) Daisy and the 
Trouble with 
Nature 


Where's all the nature? 








~~ Author: Kes Gray 
Publisher: Red Fox 
™ Price: £6.99 / $8.99 
~ Release: Out now 


Daisy and the Trouble with Nature follows 
one rambunctious schoolgirl, Daisy, and her 
classmates as they try to bring nature to 
their newly unveiled school garden. 
Disappointed in the lack of birds, butterflies 
and wolverines, Daisy and her friends set 
out to bring nature to a mud-laden garden. 
During their valiant, albeit turbulent efforts 
to collect critters to populate their new 
garden, this book takes its young readers on 
an adventure to understand nature through 
the humorous and inquisitive eyes of its 
characters. Filled with funny illustrations 
throughout and some interesting facts about 
wildlife, this book is a great read for children 
aged between five and seven. 


kkk 
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The World’s 
Most Amazing 
Dinosaurs 


Earth’s prehistoric wonders 


~ Author: Various 

™ Publisher: Sona Books 
§ Price: £18.99 / $23.75 
™ Release: Out now 





What does a dinosaur look like? Whether the 
word instils images of large lumbering beasts, 
delicate bird-like flyers or long scaly necks, this 
book is here to prove one depiction doesn’t fit 
them all. 

Providing an insight into the varied species 
that inhabited our planet over 65 million years 
ago, every page brings these long-extinct 
characters back to life. The selection of 
illustrations not only show you what they might 
have looked like, but are filled with interesting 
annotations to explain the purpose of the 
dinosaurs’ every feature. Astounding detailing 
of their colour, texture, internal organs and 
skeletal structure are presented through 
cutaway graphics alongside educated opinions 
from expert palaeontologists. 





Backward 
Science 


Life before major 
inventions 


™ Author: Clive Gifford 

™ Publisher: QED Publishing 

© Price: £12.99 (approx $16.05) 
™ Release: Out now 


We all live in the present. Immersed in our 
current surroundings, technology and way of 
life, so it can be easy to take this all for granted. 
But what would life be like without the ease 

in which we can contact each other, the 
comfort we are provided through 

healthcare or the transport we depend on 
daily? From complex gadgets to simplistic 
items such as a toilet to use or paper to write on, 
all the technology in this book will leave you 
both thankful for a different aspect of your life 
and equipped with the historical stories of the 
people behind them. And as you turn every 
page, you delve further back in time. 
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Can you imagine living alongside this 
compelling family? Inside, comparative 
infographics dispersed throughout can help you 
make sense of what a dinosaur's world was like. 
How long woulda line of taxis need to be to 
match a dinosaur’s length? What is its weight in 
elephants? How small would we appear 
standing next to them? In the form of visually 
pleasing diagrams, all these questions are 
answered. Giving younger readers extensive yet 
digestible information, a taste of the past and 

accounts of impressive discoveries, they can be 
engrossed in this book of real-life fantasy. 


Kerk 
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With absorbing illustrations packed with 
colour, humour and delightful detail, the varied 
sections can draw the imaginations of everyone 
in the family back through time. 


KKeKK 





BOOK REVIEWS 


| to the ::, 
Museum :: 





Anatomicum 
Activity Book 


Colour, draw and solve 





Author: Jennifer Z. Paxton 

» Illustrator: Katy Wiedemann 
~ Publisher: Big Picture Press 
™ Price: £9.99 (approx. $12.30) 
~ Release: Out now 


The human body and its overwhelmingly 
sophisticated composition can be hard to 
wrap your head around sometimes. 
However, this activity book seamlessly 
combines the educational information of 
a textbook and the fun ofa puzzle book. 
From labelling parts of the lungs and 
drawing the human eye toa skeletal spot 
the difference and matching up internal 
systems, this book is a great way to bring 
fun into human biology. The real star of 
this activity book is its illustrations. Both 
anatomically accurate and beautifully 
drawn, italmost seems a shame to write 
on the pages. Filled with interesting facts 
about the human body and how it 
functions, this activity book is great for 
the whole family to enjoy. 


KKK 





way to Bring fun 
Into Auman Biology 
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BRAIN GYIVi-- 


GIVE YOUR BRAIN A PUZZLE WORKOUT 





guickFire | Spot the difference 


QUESTIO NS See if you can find all six changes between the images below 


Which animal has the q 
biggest heart? \ 
Human 
Elephant 
Blue whale 

Giraffe 


Which of these is not 
an autoimmune disease? 


Rheumatoid arthritis 
Type 1 diabetes 
Autism 

Multiple sclerosis 


How strong Isa 
silverback gorilla’s bite? 


324 psi (twice an 
average human’s) 

656 psi (twice a 
rottweiler dog’s) 

1,250 (twice a great 
white shark’s) 

1,300 psi (twice a lion’s) 


Where is the north 
magnetic pole? 
Arctic 
Antarctic 
Siberia 
Australia 


Which Solar System 
planets have no moons? 
Mercury and Neptune 
Venus and Mars 
Neptune and Mars 
Mercury and Venus 


How old was Charles 
Darwin’s tortoise Harriet 
when she died in 2006? 

98 years old 


11/7 years old 
160 years old 
1/5 years old 
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Sudoku 


Complete the grid so that each row, column and 3x3 box contains the numbers1to 9 
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Wordsearch 


VALVE 
PRIMATE 
EVEREST 
CONE 


ADDITIVE 
MAGNETIC 
BOMB 
UNIVERSE 


ROBOT 
CORONAVIRUS 
DARWIN 

CHIP 
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What Is it? 


These rocks sometimes contain 
hidden treasures 





Check your answers 


Find the solutions to last issue’s puzzle pages 


SPOT THE DIFFERENCE 


QUICKFIRE QUESTIONS 

Q1 Femur Q4 Oxytocin 

Q2 Holding the sky up Q5 500 degrees Celsius 
Q3 The Black Death Q6 21,287 metres 


WHAT IS IT? ...HUMAN PALM 


(ONAN NUAYALO)¢ cum OY Vd 








A ROOMBA 


This month we are giving you the chance to win a Roomba 6/75 by 
IRobot. This autonomous vacuum cleaner takes the work out of 
housework with tts dirt-detection sensors 





For your chance to win, answer the following question: 


How many chambers are there in the human heart? 
a) Four b) One c) Ten 


Enter online at howitworksdaily.com and one lucky winner will win! 


Terms and Conditions: Competition closes at 00:00 BST on 4 June 2020. By taking part in this competition you agree to be bound by these terms and conditions and the Competition 
Rules: www.futuretcs.com. Entries must be received by 00:00 BST on 04/06/2020. Open to all UK residents aged 18 years or over. The winner will be drawn at random from all valid entries 
received, and shall be notified by email or telephone. The prize is non-transferable and non-refundable. There is no cash alternative. 
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HOW TO... 


Practical projects to try at home 


© |llustrat ons by Ed Crooks 





Make your own hand sanitiser 


Keeping your hands clean is 
the first line of defence 
against viruses and bacteria 


ashing your hands is the best way to 

keep them clean, but on occasions 

where there’s no soap and water, hand 
Sanitiser can help to kill unwanted germs. With 
the world becoming disease-conscious, finding 
hygiene products in shops can sometimes be 
difficult, so why not make your own? 

Making your own hand sanitiser is easy to do 
and allows you to tailor it to your personal 
preferences. Follow the steps here to make sure 
you're protected from disease transmission, 
wherever you go. 


Combine the alcohol 

Next add two-thirds of a cup of the alcohol to 
the aloe vera and mix them together until smooth. 
The more alcohol you add, the thinner the 
sanitiser will be - you can always balance it out 
with more gel ifit’s too thin. 








Pour the mixture into the container 

Placing the funnel on top of the container, 
pour in the liquid until the container is full. Small 
bottles are ideal for taking with you wherever you 
go, while leftover sanitiser can be kept ina jar. 
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Collect your ingredients 

For this alcohol-based sanitiser you will need: 
vodka or 99 per cent rubbing alcohol (isopropyl 
alcohol), aloe vera gel, an essential oil such as 
lavender, peppermint or cinnamon, a funnel,a 
spoon, a mixing bowl and a plastic container. 


Add an essential oil of your choice 

Using eight to ten drops, stir each drop into 
the bowl one ata time. If you would like a stronger 
scent, add more drops. The oils mentioned in step 
one contain the best antiseptic properties, but 
feel free to experiment with different scents. 





Clean your hands 

Your sanitiser is now ready to use. Pour or 
squeeze the container onto the palm of your 
hand. You should use enough to cover both hands. 
Rub the sanitiser into your hands until dry. 










Add aloe vera gel 
Into a mixing bowl or jug, add one-third ofa 
cup of pure aloe vera gel. Later you can add 
another spoonful to thicken the mixture to your 
desired consistency. Ensure all utensils you're 
using are clean. 





Mix all your ingredients 

Witha freshly cleaned spoon, mix the liquid 
thoroughly until smooth. If any bacteria gets into 
the mixture it will impact the sanitiser’s ability to 
kill the germs on your hands. 


Had a go? 
Let us know! 

If you've tried out any of our 
experiments - or conducted 
some of your own - then let us 
know! Share your photos or 
videos with us on social media. 





Disclaimer: Neither Future Publishing nor its employees can accept any liability for any adverse effects experienced during the course of carrying out these projects or at any time after. Always take care when handling potentially 
hazardous equipment or when working with electronics and follow the manufacturer’s instructions. 
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Get in touch 


If you have any questions or comments for us, send them to: 
 £ How It Works magazine © @HowltWorksmag 


INBOX 


Speak your mind... 


howitworks@futurenet.com 


— % gu! Bey 
-Anna-and her family used bricks, ~ 
logs, stones andspinescones to 


“make gas sFRuTOtS = =: 


guide and these visuals 


Bug hotel 


Tweet from Anna Burrage: 
@HowlItWorksmag Thanks for inspiring us to 
build a bug hotel! A great afternoon's work 
with the kids using only garden waste. 





Response from Edward Crooks (How It 
Works illustrator): 

This is so amazing! Every month for the 

last six years I have illustrated the ‘How to’ 
feature of fun kids’ activities for 
@HowlItWorksmag magazine, but rarely get 
to see people trying it - so it's made my day 
to see the end results. It looks incredible! 
Thank you! 


Thank you Anna for getting in touch to show us 
this marvellous masterpiece of a bug hotel. In 
a previous issue of How It Works we gave our 
readers some steps to follow to create a bug 
hotel on our ‘How to’ page. This one has 
worked out wonderfully, and we hope the 
children enjoyed seeing the result. 

Bug hotels are ideal for the minibeasts in 
your garden. The sections that are shown in 
this photograph will be perfect for different 
species to hide and thrive. The stones at the 
bottom will serve as a cool spot for the likes of 
frogs, while the loose wood is great for 
woodlice, spiders, beetles and centipedes. We 
hope it gets many visitors. 

Our team loves to see the experiments our 
readers have tried out, and so does one of our 
top illustrators, Ed. Yours looks just like his 
drawings. Great work! 
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© Anna Burrage 


Letter of the month 


Heroes 
unmasked 


Hello How It Works team, 





| just wanted to let you know that our son Hunter, 
who has been reading How It Works for quite a 
while now, has been busy producing 3D-printed 
face shields (PPE) at home for the NHS. He first 
learnt about 3D printing in an article that he read in 
your magazine last year, so thank you! 

He mentioned your magazine in an interview he 
did with his dad on BBC Radio Bristol this evening, 
and | thought you might like to know! We have a 
recording, if you would like to hear it. His dad David, 
who is now in his arly) 50s, also read your 
magazine - that is why he started buying it for 
Hunter, so thank you! 

Best wishes, 
Annette Sloly 


cid 
Magazine crafts 
@STEMyBanda: 
Some quick craft work before tutoring... Yes they are biology 


but then all of biology is chemistry which in turn is physics. Plus 
have lots of @HowItWorksmag issues on the science of pain. # 


What do you do with your old issues once you have 
read them? This is one option. Thank you for sharing 
these pencil pots with us on Twitter. These tins have 


Well done to our nine-year-old reader Hunter, 
who has been using much of his time at home 
to support the NHS. The face shields being 
printed are in high demand at the moment, 
with hospitals limited in personal protective 
equipment. These large plastic shields cover 
the entire face and help prevent hospital 
workers catching coronavirus while in contact 
with patients. While we always hope to inspire 
our younger readers to engage with science 
and technology, what Hunter is doing is an 
inspiration to everyone. 

Thank you for sending us a recording of your 
radio interview. In the short time of reading 
How It Works, saving up for your own 3D 
printer and learning how to use it, you have 
shown how the real power of these devices 
comes from the user. Whether you’re creating 
figures for your school friends or life-saving 
equipment, your acts are truly kind. Thank you 
Hunter - and keep up the great work. 
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Ei = ae Out how the dinosaurs 
ge ved and thr; ved about the 
a SS extinction that ended 
Era and the fossils the 
creatures left behind 
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been decorated with pages from old issues to become Diag ainsendimagce trommheimagacine 
something both educational and fun to look at. 


have been reused to decorate pencil pots 
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Available in print from all good newsagents and 


MyFavouriteMagazines.co.uk, or as a digital edition for iOS 
and Android. To enjoy savings on the RRP and to make sure 
you never miss an issue, check out our subscription offers 


on pages 26 (UK) and 69 (US). 


Rainbow of hope 
Pp 

Hi HIW, 
While we are all being forced to spend so much time at 
home at the moment, | often look forward to that one 
exercise outing of the day. For me this is usually a walk 
around the block. As the days go on | am noticing more 
and more rainbow drawings in windows and have since 
seen them on social media. This community spirit gives 
everyone hope, as they bring a smile to those who 
need it, but what | want to know is, what makes it a 
symbol of hope? 
Thanks, 
Charlotte Tisdale 


During the current lockdown situation, children 
and adults have been creating rainbow images 
at home. Spreading colour and hope has 
caught on around the world, but is believed to 
have been started in Italy a couple of months 
ago. The success this has had in brightening up 
people’s lives, such as your own, is largely due 
to the symbolism of the rainbow. 

In different areas of the world and to 
different groups, the rainbow takes on varied 
meanings, but hope is one of the most 
common. The colours bring brightness to the 
sky following a storm, and for many the storm 


Source: Unsp ash/Pam Menegak s 







Children are behind most of the rainbow 
artwork seen in windows 


and rainbow can represent a difficult time and 
a more positive ending. 

As a meteorological phenomenon on Earth, 
rainbows have been observed since early 
times. It was discovered that their appearance 
highlighted the arrival of the Sun after a wet 
period. From these early days they have been 
used in ancient religious books and told in 
legendary tales over centuries. 


What's happening on... 





©) INSTAGRAM 


On Instagram this month we asked 
you: what ways are you staying 
busy and active during quarantine? 


@lanuthnoe 
Gardening and jobs around the house... 
those jobs you Keep putting off! 


@sunnah_safdar 
Baking, reading and spending time on my 
balcony in the Sun!! 


@faaris_haque 
Learning a new physical and mental skill 


@hamid.baghernia 

It's g great time to ggin more knowledge. 
Many online courses can be accessed for 
free now 


@ninjamidget81 
Science experiments in the garden 
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social media? 





@danielj868 
Playing with my diablo/ Chinese yo-yo in 
the garden 


@maia_h3 
I'm keeping busy by completing a paint-by- 
numbers picture! 
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Meet new friends your age in a safe online classroom using video conferencing 
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Python Programming Micro:bit 
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Taught by UK’s finest young engineering and computer science experts 


+ ¥ Call: +44 (0) 118 380 5678 Web: www.techcamp.org.uk 
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REGISTER AT WARSHIPS.CO.UK 
TO RECEIVE A STARTING BONUS WORTH £25 
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